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Field Sampling of Alfalfa for the Estimation of Guthion Residues! 


P. A. Daun,? J. GurLAND,® E. T. Hress,? W. H. Orgen,? W. O. Praerrie,? and I. Lee,’ Iowa State University, Ames 


ABSTRACT 


Estimates of Guthion® (0,0-dimethyl S-(4-oxo-3H-1,2,3- 
benzotriazine-3-methyl) phosphorodithioate) residues on alfalfa 
have been determined by collecting three types of samples and 
performing chemical analyses and biological assays on extracts 
of these samples. A 7.6-acre field of alfalfa was sprayed with a 
water emulsion of Guthion at the rate of 1 pound of Guthion 
per acre. A two-stage sampling scheme was used to obtain single, 
composite, and cross-plot composite samples at intervals of 1 day 
and 3, 7, 14, 21, and 28 days following spraying. For each sam- 
pling day, 9 plots, 36 feet by 36 feet, were chosen at random; 
then 14 subplots, 2 feet by 2 feet, were similarly chosen from 
within each plot. All the alfalfa within a subplot constituted a 
sample. The alfalfa in 2 of the subplots in each of the 9 plots was 
analyzed separately as single samples, the alfalfa from 10 of the 
remaining 12 subplots was used to form 2 composite samples, 
each consisting of the combined alfalfa from 5 subplots. The 
alfalfa in the remaining two subplots in each plot was used to 
form two cross-plot composite samples. This design provided 
228 samples for analysis. 

One hundred-gram, well-chopped portions of each alfalfa 
sample were extracted by a procedure that yielded combined 
surface and internal residues of Guthion. A decolorized benzene 


Although much research has been done on the de- 
termination of insecticide residues on forage crops, in- 
sufficient attention has been given to the sampling meth- 
ods used and to an evaluation of the sampling techniques 
(Fahey 1954, Gunther & Blinn 1955, Lykken et al. 1957, 
Poos et al. 1950, and Wadley 1952). In order to evaluate 
techniques of sampling alfalfa for residue determinations 
it seemed desirable to choose an insecticide that could 
be used potentially to control insects destructive to 
alfalfa and for which a reliable chemical analytical 
method was available. These requirements appeared to 
be met by the organophosphorus insecticide Guthion 
(0,0-dimethyl S-(4-oxo-3-1,2,3,-benzotriazine-3-methyl) 
phosphorodithioate). 

In addition to many insect control studies, the action 
of Guthion in animals and plants has also been inves- 
tigated. DuBois et al. (1957) found that Guthion had a 
weak inhibitory action, in vitro, on the cholinesterase 
activity of brain, submaxillary gland, and serum of rats. 
However, intraperitoneal administration of the compound 
to rats caused marked inhibition of the cholinesterase 
activity of brain and submaxillary gland, but the ac- 
tivity of serum was unaffected. Murphy & DuBois (1957) 
have shown that Guthion was enzymatically converted by 
liver homogenates to an agent with strong anticholines- 


extract was ultimately obtained and aliquots of this solution 
were used for colorimetric analyses and bioassays. The residue 
data obtained by both analytical procedures and for the three 
types of samples were very similar. As an example of these data, 
the weighted mean chemical residue values of single and com- 
posite samples were 51.5, 23.6, 8.7, 1.4, 0.2, and 0.2 p.p.m., re- 
spectively, for samples gathered at the six intervals after spray- 
ing that are listed above. Because the residues in the last three 
sets of samples were very low, it was not possible to estimate 
these residues accurately by biological assays even though a 
fortifying procedure was used. The residue data indicated that 
with this sampling scheme and a uniform stand of alfalfa, little, 
if any, advantage results in using composite samples over single 
samples to estimate mean residues. For practical purposes, if one 
were to adopt the two-stage sampling method used in this study 
for residue estimates involving more than one insecticide and 
rate of application, a convenient combination would consist of 
collecting five subplot samples (either single or composite) 
selected from three plots. 

Additional information was obtained concerning the variation 
in sample weights and moisture, sample processing, and analyti- 
‘al procedures. 


terase properties; however, this metabolite lost its ac- 
tivity rapidly through enzymatic hydrolysis. The enzyme 
system which oxidized Guthion to an anticholinesterase 
agent was localized intracellularly in the microsomes. 
March et al. (1957) proposed that the metabolism of 
Guthion by the white mouse and the American cock- 
roach, Periplaneta americana (L.), involves oxidation of 
the thiono sulfur (P=S) of Guthion to form the thiol 
(P =O) analogue, which is an extremely effective inhibitor 
of cholinesterase. Subsequent hydrolysis of this metab- 
olite produced compounds of low toxicity. In contrast to 
these animal metabolism studies, Tietz et a/. (1957) ap- 
parently did not find any of the thiol analogue of Guthion 


1 Journal Paper No. J-3507 of the Iowa Agricultural and Home Economics 
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in leaves of cotton plants sprayed with the P*-labeled 
insecticide. 

In normal agricultural practice a field of alfalfa is 
generally sprayed with a single insecticide at an intended 
single rate of application. To measure the residues of this 
insecticide, samples of alfalfa are usually gathered at 
specified time intervals following spraying to obtain 
estimates of the true mean amount of residue present in 
the field at such times. Various types of composite al- 
falfa samples have been used to estimate insecticide 
residues on alfalfa without determining whether these 
composite samples actually provide estimates that are 
more reliable than those based upon single samples. 
Therefore, the sampling plan used in this study was de- 
signed to compare single and composite methods of sam- 
pling for estimating mean residues. A second objective was 
to compare the estimates of insecticide residues obtained 
by chemical analyses and biological assays. 

MarTeRIALS AND Metuops.—Sampling Design.—Ap- 
proximately 7.6 acres of alfalfa were selected from a 140- 
acre field of unsprayed, second cutting, second year al- 
falfa, Medicago sativa L., var. Ranger, located on the 
Iowa State University farm near Ankeny, Iowa. This 
square area was divided into 196 plots, 36 feet by 36 feet; 
thus there were 14 rows of plots, each containing 14 plots 
(fig. 1). A swath was mowed between plots and around 
the margins of all the plots. These marginal alleys were 
kept mowed throughout the experiment. The plot size 


7-36'x36' PLOT 


PLOT NO.5,5 ALLEYS 


01234567869 Olli l2 13 
EXPERIMENTAL FIELD CONTAINING 196 PLOTS 


a |) i aa 
” ¥ 








2'x 2' 


en 
& SUBPLOT 


_ ———_—_—— 3 6 '——_—__+ 


mS er. 


PLOT CONTAINING 324 SUBPLOTS 








ee 














Fic. 1.—Experimental design of alfalfa plots used for sampling 
studies of Guthion residue dissipation. 
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was chosen to provide 324 subplots, 2 feet by 2 feet. 

A two-stage sampling scheme was used to obtain sain. 
ples based on an unbiased scheme of randomization. 
Samples were collected 1 day and 3, 7, 14, 21, and 28 
days following the insecticide application. For each 
sampling day, nine plots were chosen at random, using 
tables of random numbers. Then 14 subplots within 
sach of the 9 selected plots were similarly chosen. The 
subplots were located by pacing along the edges of each 
plot, allowing 3 feet per step. The boundaries of each 
subplot were marked with an angle iron quadrat, 2 feet 
by 2 feet square. All the foliage within each subplot was 
cut approximately 1 inch above the ground. The alfalfa 
was separated from the weeds and placed in polyethylene 
bags. A two-stage sample, involving the random selection 
of plots and subplots, was taken because of the intuitive 
expectation that the variation among plots would be 
greater than the variation among subplots within plots, 
For although the stand of alfalfa appeared to be fairly 
uniform, one would expect two subplots widely separated 
in the 7.6-acre area to show greater difference, on the 
average, from one another than two subplots in the same 
plot. The data collected on the basis of this sampling 
scheme afforded an opportunity to test the relevance of 
such a theory. 

Single Samples.—For each sampling day, the alfalfa 
in two of the subplots selected in each of the nine plots 
was collected and analyzed separately as two “‘single 
samples.”’ The arithmetic means of chemical analyses and 
biological assays of extracts prepared from aliquots of 
these 18 samples provided “single sample estimates” 
of the true mean residue of the plot area. The two residue 
ralues from each of the nine plots afforded a means of 
estimating the component of variance ascribable to 
“within plots” variation, while the nine mean values 
based on the arithmetic mean of the two residue values 
from each plot afforded the possibility of estimating the 
component of variance ascribable to “between plots” 
variation. These components enabled the variance of the 
single sample estimate of the mean residue value to be 
computed, 

Composite Samples.—The alfalfa from 10 of the re- 
maining 12 subplots in each plot was used to form two 
“composite samples,”’ each consisting of the combined 
alfalfa from five subplots. The arithmetic means of chem- 
ical analyses and biological assays of extracts prepared 
from aliquots of these 18 composite samples provided 
“composite sample estimates” of the true mean residue 
of the plot area. Just as in the case of the single sample 
estimates, it was possible to estimate the components of 
variance ascribable to “‘between” and “within’’ plot 
variation using the residue data from the composite 
samples. A comparison was also made between the vari- 
ances of the single and composite sample estimates. The 
residue data from the single and composite samples also 
provided an estimate of what has been designated as a 
‘weighted mean residue of single and composite samples.” 
The latter residue values were obtained by weighting the 
single and composite sample estimates inversely as theit 
variances. 

Cross-plot Composite Samples.—The alfalfa in the re 
maining two subplots in each plot was used to form 
“cross-plot composite samples.” Each of these samples 





saim- 
ution. 
id 28 
each 
using 
rithin 
The 
each 
each 
2 feet 
t was 
lfalfa 
ylene 
ction 
litive 
id be 
plots. 
fairly 
rated 
1 the 
same 
pling 
ce of 


lfalfa 
plots 
ingle 
$s and 
ts of 
ates” 
sidue 
ns of 
e to 
alues 
alues 
y the 
lots” 
f the 
o be 


e re- 
two 
yined 
hem- 
vared 
rided 
sidue 
mple 
ts of 
plot 
osite 
vari- 
The 
also 
as a 
les.” 
y the 
their 


e Te 
form 
nples 


Ociober 1959 


consisted of the combined alfalfa in one of the two sub- 
plots remaining in each of the nine plots selected for the 
particular sampling day. As there were only two “cross- 
plot composite sample estimates,” it was not possible to 
estimate reliably the variance of the arithmetic mean of 
these two sample estimates. However, it was possible to 
compare these estimates of the mean residue with those 
based on single and composite samples. 

To complete the sampling schedule described above it 
was necessary to locate and gather alfalfa from 126 sub- 
plots per sampling day (18 for the single samples, 90 for 
the composite samples, and 18 for the cross-plot com- 
posite samples). In some instances when gathering the 
1-, 3-, and 7-day samples, a subplot chosen for a single 
sample contained less alfalfa than the 100 gm. needed for 
analysis purposes. In this case, the alfalfa from this sub- 
plot was included as one of the five subplots in a com- 
posite sample for that plot, and a different subplot, con- 
taining sufficient alfalfa, was selected at random for the 
single sample. In addition to these samples from the 
sprayed area, approximately 15 subplot samples of un- 
treated alfalfa were collected each sampling day from the 
unsprayed portion of the alfalfa field for use as control 
samples in the chemical analyses and biological assays. 

Insecticide Application.—The experimental area, in- 
cluding alleys and margins, was sprayed on July 16, 1957, 
with a water emulsion of Guthion at the rate of approxi- 
mately 1 pound of Guthion per acre. An emulsifiable 
concentrate formulation of Guthion, containing 1.5 
pounds of Guthion per gallon,‘ was used to prepare a 
water emulsion which contained one pound of Guthion 
per 10 gallons of spray. The spray was applied at the rate 
of 10 gallons per acre with a Jeep-mounted sprayer® 
equipped with a 24-foot spray boom fitted with 15 flat, 
fan-type nozzles that provided an effective spray width of 
25 feet. The nozzles were about 20 inches above the tops 
of the alfalfa plants during spraying. The alfalfa was 
about 13 feet high at the time of spraying. 

Sample Processing.—The alfalfa samples were trans- 
ferred from the field to a refrigerator box for cooling. 
They were soon removed from the box, weighed, chopped 
into approximately 2-inch sections using a feed cutter,® 
and, except for small amounts which were withheld for 
determinations of the water content, were stored at about 
—15° C, About 5 hours were required to complete the 
procedures from field sampling through cold storage. 
Within a few days, or a few weeks at most, the samples 
were removed from cold storage, chopped further, and 
thoroughly mixed in a commercial food chopper.” 

Five samples were prepared for the determination of their 
water content each time alfalfa samples were collected for 
residue determinations. Three of the five samples were 
formed by combining small amounts of alfalfa from the 
hine composite samples (three composites per water 
content sample) and the other two samples were obtained 
from each of the cross-plot composite samples. These 
alfalfa samples were placed in cloth bags and dried for 1 
week at about 60° C., after which the water content of 
the samples was calculated. The weights of the single and 
composite samples were used to compute the variances 
within plots as follows: (1) the total sums of squares were 
obtained from the individual sample weights, (2) the 
sums of squares for “between plots” were computed, and 


Daum ET AL.: SAMPLING ALFALFA FOR GuTHION RESIDUES 793 


(3) the variances “within plots” were obtained by sub- 
tracting the values obtained in step (2) from the values 
obtained in step (1) and dividing this quantity by nine 
degrees of freedom. 

The most exacting aspects of estimating insecticide 
residues usually are the cleanup treatments to which the 
samples must be subjected before analysis can be ac- 
complished. Our goal was to prepare a solution that could 
be used for both chemical analyses and biological assays. 
The extraction procedure used was designed to yield 
combined surface and internal residues of the plant sam- 
ple (MacDougall 1957). The solvents (C. P. grade) were 
distilled in an all-glass apparatus before being used. This 
precaution is especially necessary with benzene because 
various grades of this solvent contain an impurity which 
gives a magenta color with spectral characteristics iden- 
tical to those obtained with parathion, using the Averell 
& Norris (1948) colorimetric method (Edwards 1949). A 
100-gram, well-mixed subsample of twice-chopped al- 
falfa was placed in a Waring blendor jar and 150 ml. of 
distilled water added. A thin sheet of rubber was placed 
over the top of the blendor jar and the jar cover pressed 
into place to prevent the material being blended from 
leaking out of the jar. The material was blended at high 
speed for 2 minutes to produce a homogeneous mixture; 
250 ml. of acetone were added and the contents blended 
for an additional 3 minutes. The slurry thus obtained was 
transferred quantitatively to a 1-quart, glass Mason jar. 
The blendor jar was washed three times with approxi- 
mately 15 ml. of acetone each time and the washings 
added to the Mason jar. A mechanical shaker was then 
employed to shake the slurry for an hour. 

The slurry was suction-filtered through a Biichner 
funnel. The quart jar was rinsed several times with por- 
tions of a 1:1 mixture of acetone and water (total volume 
of rinses about 100 ml.); these rinses were poured over the 
filter cake in the funnel to elute any Guthion residues 
remaining in the filter cake. The filter cake was allowed 
to suck dry. The green acetone-water filtrate was trans- 
ferred quantitively to a 1,000-ml. Squibb separatory 
funnel and extracted twice with 50-ml. and four times 
with 25-ml. portions of chloroform. To remove any water 
trapped in the chloroform, the combined extracts were 
filtered through a l-inch layer of anhydrous sodium 
sulfate held in a cylindrical glass funnel plugged with 
glass wool. The sodium sulfate was washed twice with 
25-ml. portions of chloroform. The chloroform extract 
and washes were collected in a 600-ml. beaker and evap- 
orated to a green, sirupy residue on a hot water bath, us- 
ing a gentle current of air to facilitate evaporation. 

The dark green residue remaining in the beaker was 
dissolved in 25 ml. of benzene and passed with the aid of 
suction through 10 grams of a mixture consisting of three 
parts, by weight, of Attapulgus clay* (adsorbent) and 
one part Hyflo Super-Cel® (filter aid) in a 125-ml. Squibb 
separatory funnel. The beaker containing the residue 

4 Obtained from the Chemagro Corp., Kansas City, Missouri. 

» Designed and constructed by E. T. Hibbs, Department of Zoology and 
Entomology, Iowa State University, and W. G. Lovely, Agricultural Research 
service, U.S. Department of Agriculture (stationed at Iowa State University) 

6 Ohio Feed Cutter, Model 84, K-2, The Silver Mfg. Co., Salem, Ohio. 


Hobart Food Chopper, Model 84141, Hobart Mfg. Co., Troy Ohio 
8 Obtained from Minerals & Chemicals Corp. of America, Menlo Park, New 


Jersey. 


9 Obtained from Johns-Manville Products Corp,, New York, New York, 
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was rinsed twice with 50-ml. portions and twice with 25- 
ml. portions of benzene. Finally, the adsorbent mixture 
was washed with three additional 25-ml. portions of 
benzene. The combined benzene elutriates were trans- 
ferred from the filter flask to a 250-ml. graduated cylinder 
and made up to a volume of 250 ml. with small portions 
of benzene which were used to rinse the filter flask. This 
solution was then transferred to a 1-pint, glass bottle; the 
latter was labeled and stored in the dark until the con- 
tents were used for chemical analyses and biological as- 
says. If the benzene solution was not water clear after 
passing through the adsorbent mixture, it was rejected 
and another alfalfa subsample was carried through the 
procedure. This requirement was especially necessary for 
the biological assay procedure in order to avoid excessive 
masking effects as described below. A series of recovery 
experiments was run concurrently with each set of field 
samples. The amounts of Guthion (in acetone) added 
to 100-gm. samples of untreated, control alfalfa corre- 
sponded roughly to the range of Guthion residues in the 
field samples. 

In order to learn more about the quantitative fate of 
Guthion residues carried through these sample processing 
procedures and to discover ways of reducing the loss of 
Guthion residues, the following processes were studied in 
some detail: (a) efficiency of the chloroform extraction of 
Guthion from the acetone-water mixture, (b) effect of 
time and temperature relationships on the loss of Guthion 
during evaporation of the chloroform-acetone extract, 
and (c) adsorption of Guthion, the thiol (P =O) analogue 
of Guthion, and interfering substances by various de- 
colorizing mixtures. Acetone-water mixtures, approxi- 
mating the final ratio of these two liquids in the extrac- 
tion process, containing 1,000 ug. of Guthion were ex- 
tracted successively with six portions of chloroform as 
described above. The Guthion added was 99% recovered. 
The mean recoveries of Guthion from the first and second 
chloroform extracts were 88.4 and 7.6%, respectively. 
These figures suggested that very little Guthion would be 
lost during the chloroform extraction process. A study 
of time and temperature effects on the loss of Guthion 
during evaporation of the chloroform-acetone extract 
showed that the most efficient evaporation occurred when 
the water bath was maintained between 60° and 70° C. 
Several adsorbent substances were combined with Hyflo 
Super-Cel to evaluate their effectiveness in removing 
plant pigments without adsorbing Guthion excessively. 
Combinations of Attapulgus clay and Hyflo Super-Cel 
(e.g. in ratios of 1:3, 1:1, and 3:1) were superior to all 
others in decolorizing the solution and allowing most of 
the Guthion to pass through the adsorbent. A 3:1 ratio 
of Attapulgus clay to Hyflo Super-Cel was required to 
decolorize the dark green solutions obtained with alfalfa. 
From 10 to 20% of the Guthion was retained during the 
adsorption process. Retention of Guthion in the adsorbent 
column was roughly proportional to the amount of 
Attapulgus clay in the adsorbent mixture. Essentially 
none of the Guthion was retained by the quantities of 
Hyflo Super-Cel used in these mixtures. Although mix- 
tures of Darco G-60 with either Hyflo Super-Cel or 
Celite 545 allowed rapid filtrations, they adsorbed slightly 
more Guthion than corresponding Attapulgus clay and 
Hyflo Super-Cel mixtures. The thiol analogue of Guthion 
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used in these experiments (see below) was adsorbed coim- 
pletely by the 3:1 Attapulgus clay and Hyflo Super-Cel 
mixture. 

Colorimetric Procedure.—Three methods have been re- 
ported for the colorimetric estimation of Guthion 
(Giang & Schechter 1958, MacDougall 1957, and Wollen- 
berg & Schrader 1956). The method reported by Mac- 
Dougall (1957), which was used in this study, is an adap- 
tation of the Bratton & Marshall (1939) reaction involy- 
ing the coupling of certain diazotized compounds with 
N-(1-naphthyl) ethylenediamine dihydrochloride in acid 
solution to form a magenta-colored complex. This method 
was used by Averell & Norris (1948) to estimate small 
amounts of parathion, after reduction to the correspond- 
ing amino compound. 

Small amounts of Guthion in isopropanol can be hydro- 
lyzed with an aqueous solution of potassium hydroxide to 
yield o-aminobenzoic acid (anthranilic acid). The latter 
compound is diazotized and coupled with N-(1-naphthyl) 
ethylenediamine dihydrochloride to form a magenta- 
colored solution. The details of this method have been 
thoroughly described by MacDougall (1957) and will not 
be repeated here. The magenta-colored solutions were 
read 90 minutes after the addition of the coupling re- 
agent; the absorbancies of the solutions were determined 
with a Beckman, Model DU, spectrophotometer, using a 
wave length setting of 555 muy, a slit width of 0.065 mm., 
and glass cells with a 1-cm. light path. A standard curve, 
plotting absorbance values against micrograms of 
Guthion, was prepared with each set of analyses. The 
quantities of Guthion found by this method were con- 
verted to parts per million of Guthion based on the 
freshly harvested weight of the sample. The 95% con- 
fidence intervals for the residue values obtained by 
chemical analyses were computed for 18 single and 18 
composite residue values for each day of sampling. The 
variances within plots of the residue values obtained by 
chemical analyses were computed in the same manner as 
the “‘within plot” variances of the sample weights. 

A Guthion analytical standard sample‘ (m.p. 71-72° C., 
No. F7107) was used for both the chemical analyses and 
biological assays. A sample of the thiol (P=O) analogue 
of Guthion,! 0,0-dimethyl S-(4-oxo-3H-1,2,3-benzo- 
triazine-3-methyl) phosphorothiolate (m.p. 76.5-77.5° C., 
Lot No. 1) was used for comparative colorimetric anal- 
yses. The infrared spectra of these samples, using carbon 
tetrachloride and carbon disulfide separately as solvents, 
indicated significant differences as follows: broad ab- 
sorbance bands at approximately 650 and 820 cm.“ wave 
numbers were due to P=S stretching vibrations in the 
case of the Guthion sample (CS: as solvent) and a nar- 
rower absorbance band indicated a P=O stretching 
vibration at about 1,250 em.” for the thiol analogue 
(CCl, as solvent). A weak but well-defined absorbance 
band occurred for both samples at about 1,180 em.“ in- 
dicating the presence of P-O-CHs groups. The ultraviolet 
spectra of both samples (CCl, as solvent) showed a 
primary absorbance peak at 303 my. and a second peak 
at 316 my. Another well-defined peak was observed at 
292 my. in the case of the thiol analogue. 

Biological Assays.—An indirect method of bioassay 
was employed in which the mortality of the test insect 
following exposure to a fixed dose of the insecticide was 
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measured (Bliss 1956). Each standard and test assay 
consisted of three dose levels so chosen that the resulting 
mortalities of the test insects were expected to fall be- 
tween 15 and 85%. If the test preparation is truly a dilu- 
tion or concentration of the standard, the two dose- 
response regression lines must be parallel, assuming that 
the relationship of response versus log-dose is linear 
(Burn et al. 1950). A laboratory culture of house flies, 
Musca domestica L., was used to provide the 4- to 5-day 
old female flies used in the bioassays. Fifty flies were used 
per dose in both test and standard assays. All the flies 
used for one assay series were approximately the same 
age and were taken from the same holding cage. The flies 
were reared according to the procedure specified by the 
Chemical Specialties Manufacturers Association for the 
Peet-Grady method of testing fly sprays (Anonymous 
1958). The test chambers consisted of 1-quart, wide- 
mouth, glass Mason jars fitted with a screw cap and wire 
screen to confine the flies. 

A measured volume of either an analytical standard 
solution of Guthion in benzene (standard preparation) 
or an aliquot of the plant extract solution prepared as 
described above (test preparation) was added to each 
jar. In order to conserve parallelism between the stand- 
ard and the test regression lines, it was necessary to 
have the same masking effect owing to the plant extract 
in both the standard and the test preparations. This was 
done by adding the same total amount of alfalfa extract 
(test or control extracts by themselves or a combination 
of these two extracts) to all three dose levels of the test 
assays and the corresponding levels of the standard as- 
say. A typical standard assay series (in this case, quan- 
tities used to evaluate residues in samples gathered 7 
days after spraying) consisted of the following quantities 
of Guthion and insecticide-free, control alfalfa extract: 
25, 30, and 40 ug. of Guthion plus 10 ml. of control ex- 
tract for each dose. The corresponding test assay series 
consisted of 5, 7.5, and 10 ml. of the test extract plus 5, 
2.5, and 0 ml. of control extract, respectively. The insec- 
ticide residues were so low in the extracts prepared from 
samples collected 14, 21, and 28 days after spraying that 
the flies did not respond consistently to the assays. An 
attempt was made to estimate these residues by fortifying 
the test extracts with known amounts of the standard 
solution. Whenever the test extracts were so fortified, 
the control extracts (used to provide the same masking 
effects in standard and test assays as illustrated above) 
were similarly diluted with benzene in order to conserve 
parallelism between the standard and the test regression 
lines. 

Preparation of the bioassay jars was completed by 
adding 0.2 mg. of corn oil (Mazola) to each jar. The jars 
were then rolled mechanically in a horizontal position to 
evaporate the solvent and distribute the toxicant on the 
inner walls of the jars. Fifty female flies were placed in 
each jar. The treated jars were placed horizontally on a 
shelf for 24 hours at 80+ 2° F. after which the number of 
dead and moribund flies were counted. The flies were fed 
a mixture of sugar and diluted condensed milk during 
the exposure period. The number of moribund flies was 
included with the dead flies in the statistical analyses of 
the bioassay data. When necessary, a correction was 
made for mortality among the control flies (Abbott 1925). 
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The relative potency (R) of each test preparation was 
estimated by the minimum logit chi-square method 
(Berkson 1953). This method was used because the esti- 
mates were easily determined and the data appeared to 
be closely fitted by the logit transformation. The relative 
potencies were converted to parts per million (p.p.m.), 
based on the freshly harvested weight of the samples, 
by multiplying the relative potency (ug./ml.) by the 
volume (250 ml.) of the final extract and dividing this 
product by the weight (100 gm.) of the alfalfa sub-sample. 
Thus the number of p.p.m. equals 2.5R. 

Computing Confidence Intervals.—The 95% confidence 
interval for the residue values obtained by chemical 
analyses and biological assays was computed for 18 single 
and 18 composite residue values for each day of sampling. 
To calculate the weighted mean residue values of single 
and composite samples (R) for each sampling day, the 
reciprocals of the variances of the mean residue values 
of the single and composite samples were used as weight- 


ing factors in the following formula (cf. Burn et al. 1950): 
R./V(R,) +Re/V (Re) 
1/V(Rs) +1/V (Re) 


where: 
_R.=mean residue values of single samples 
V(R.)=variance of mean residue values of single 
__ samples 
_R,=mean residue values of composite samples 
V(R,) = variance of mean residue values of composite 
samples. 
The variances within plots of the residue values obtained 
by chemical analyses and biological assays were com- 
puted in the same manner as the “within plot” variances 
of the sample weights. This procedure has been described 
above. The 95% confidence intervals for the weighted 
mean residue values of single and composite samples were 
obtained by using the estimated variances, V(R), as 
computed from the following formula (cf. Burn eft al. 
1950): 


ee V(R,) V(R.) 
V(R) = ——=— — 
V(Rs) + V(R.) 

Weather Conditions.—A good estimate of the tempera- 
tures and precipitation prevailing during these experi- 
ments was available from the records of the Ankeny 
Weather Bureau station (U. 5. Dept. Commerce 1957) 
located about 1 mile from the plots. A brief summary of 
this information for the 4-week period after spraying 
follows: the over-all mean temperature during the period 
was 77.3° F.; the mean temperatures for the four weekly 
periods after spraying were 80.9°, 76.4°, 73.1°, and 78.5° 
F., respectively. A total of 1.39 inches of rain fell during 
the 28-day period; this precipitation was distributed as 
follows: 0.42, 0.10, 0.65, 0.10, and 0.12 inches on the 5th, 
lith, 12th, 14th, and 28th day, respectively, after spray- 
ing. 

Resutts AND Discussion.—Residue Data.—A sum- 
mary of the residues of Guthion as obtained in these*ex- 
periments is presented in table 1. The weighted mean 
chemical residue values of single and composite alfalfa 
samples are portrayed in figure 2, using a semilogarithmic 
plot. The residue data obtained by both chemical and 
biological procedures are very similar for the first three 





796 JOURNAL OF Economic ENTOMOLOGY Vol. 52, No. 5 


Table 1.—Residues of Guthion, in parts per million, obtained from chemical analyses and biological assays of alfalfa 
samples gathered from a 7.6-acre field sprayed with a water emulsion of Guthion at the rate of 1.0 lb. of Guthion per acre.* 
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* All values are based on the freshly harvested weight of the samples. 

> 95% confidence intervals, based on 18 single samples per sampling day. 

© 95% confidence intervals, based on 18 composite samples per sampling day, each composite sample consisting of five single samples. 

4 These are the mean values of two composite samples per sampling day, each composite sample consisting of nine single samples. 

® Because of the low residues in these samples, it was not possible to obtain an accurate estimate of the residues by the fortified bioassay procedures used. 


sets of samples, collected 1, 3 and 7 days after spraying. 
The residues in the last three sets of samples, collected 
14, 21, and 28 days after spraying, were too low to es- 
timate by the same bioassay procedure employed for the 
first three sets of samples. Extracts of these last three sets 
of samples were fortified with known amounts of insec- 
ticide and aliquots of these solutions assayed against 
standard preparations as described above. The residues 
computed from the relative potency values obtained by 
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Fic. 2.—The weighted mean chemical residue values of single 

and composite alfalfa samples gathered from a 7.6-acre field 

sprayed with Guthion at the rate of 1.0 lb. per acre. The approxi- 

mate 95% confidence intervals are shown for samples gathered 

14, 21, and 28 days after spraying. The confidence intervals for 

the residue values for the 1-, 3-, and 7-day samples were too short 
to be discernible. 


these assay procedures were not consistent with the 
toxicity to flies of the unfortified extracts. Further work 
is contemplated to determine whether low residues, like 
in the last three sets of samples in 
can be estimated accurately by for- 
tifying procedures. It was also difficult to estimate pre- 
cisely by chemical analysis the low residues (e.g. about 
0.2 p.p.m.) in the 21- and 28-day samples. Because of the 
low residues, it was necessary to use large aliquots of the 
benzene extracts for the colorimetric analyses. Although 
no color was apparent when these aliquots were evap- 
orated to dryness, the ensuing isopropanol solutions 
were yellowish in color and when the coupling reagent 
was added, the solutions became more nearly salmon- 
than magenta-colored. 

Chemical analysis of an extract prepared from a com- 
posite alfalfa sample gathered approximately 1 hour 
after spraying indicated a Guthion residue of 69.4 p.p.m.; 
extrapolation of the residue curve in figure 2 back to time 
zero indicates an initial Guthion residue approximately 
equal to 70 p.p.m. The estimated half-life of these 
Guthion residues is 2 days, compared with 2, 5, and 6 
days for parathion, lindane, and DDT, respectively 
(values estimated by Gunther & Blinn 1955, from data of 
Hopkins et al. 1952). These residue data for Guthion are 
very similar to those reported by Dogger & Bowery 
(1958) for malathion. Both insecticides were applied at 
the rate of 1 pound per acre. For malathion, the residues 
were approxomately 47, 8, 0.8, 0.4, and less than 0.2 
p-p.m. on alfalfa samples gathered 1 day, and 5, 10, 15, 
and 20 and 30 days, respectively, after application (the 
half-life of malathion residues, estimated graphically 
from these data, is also about 2 days). 

The recovery of Guthion added to 100-gm. samples of 
untreated, control alfalfa is summarized in table 2. About 
8% less Guthion was measured by biological assays of the 
final benzene extracts than by chemical analyses of the 
same extracts. A greater range of variation (27%) oc- 
curred among the recoveries by biological assay than 
among the corresponding recoveries by chemical analysis 
(12%). The average water content of all sets of alfalfa 
samples was about 72% (table 3). When these rather 
similar percentages are used to replot the residue values 
shown in figure 2 on a dry weight basis, the only effect is 
to shift the curve upward. 
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Table 2.—Recovery of known amounts of Guthion (in 
acetone) added to 100-gram samples of untreated, control 
alfalfa. 








Per Cent GutHIon RECOVERED 

GuTHION ADDED _——— —-- 
- —_——~ Chemical 
Analyses 


(ug.) (p.p.m.) 


Bioassays 





5,000 50 75.5 (4) 
2,500 2 82.5 (8) 
1,200 12 86.6 (4) 
300 3 87.3 (4) 
(ver-all mean recoveries 83.0 (20) 


88.1 (4) 
70.2 (4) 
61.3 (4) 
81.6 (4) 
75.3 (16) 





‘ The numbers in parentheses indicate the number of analyses or bioassays. 


These experiments apparently have not indicated 
whether any of the Guthion applied to the alfalfa plants 
was converted to the thiol (P=O) analogue. It was dis- 
covered, after the alfalfa samples had been processed, 
that a compound designated as the thiol analogue of 
Guthion (described above under colorimetric procedure) 
was completely adsorbed by the Attapulgus clay used 
to decolorize the alfalfa extracts. A further comparison 
of Guthion with this thiol analogue sample showed that 
both chemicals produced magenta-colored solutions 
(maximum absorption 555 my.) by the colorimetric 
procedures used in these experiments (MacDougall 1957), 
the Guthion color having about 1.6 times more absorb- 
ancy at 555 my. than the color produced by an equal 
concentration of the thiol analogue. Conversely, the thiol 
analogue was about 1.5 times more toxic to house flies 
than Guthion, using the bioassay procedures described 
above. After comparable exposures to ultraviolet light, 
Guthion residues responded less strongly to the colori- 
metric test than residues of the thiol analogue (ef. 
Frawley et al. 1958). It is hoped that some of these find- 
ings can be investigated further to enhance our knowl- 
edge of the fate of insecticides on plants. 

Sampling Procedures—The sampling procedure used 
in these experiments and the concomitant large number 


Table 3.—Subplot sample weights and water content of 
the alfalfa samples. 





Mean WerGuts oF 
SUBPLO? SAMPLES 
- - WarteER 
Days Cross-plot CONTENT OF 
APTER Single Composite Composite Sampues! 
SpRAY- Samples* Samples’ — Samples® 
ING (gm.) (gm.) (gm.) (%) 


72.2+1.8 
712 .2+2%.! 
72.441. 

74.8+0.8 
72.1+0.5 
185 67.0+1.9 


138+38 183 
150 +43 196 
178 +53 218 
238 + 42 293 
225 +48 246 


on sa a! 


we 2 


139 + 42 





“95% confidence intervals, based on 18 single samples per sampling day. 

> 95% confidence intervals, based on 18 composite samples per sampling 
day, each composite sample consisting of five single samples. These values are 
one-fifth of the observed weights of the composite samples per sampling day 
and are so presented for comparison with the single samples, 

These values are one-ninth of the mean of two cross-plot composite samples 
per sampling day and are so presented for comparison with the single samples. 
Each cross-plot composite sample consisted of nine single samples from the 
nine selected plots. 

“95% confidence intervals, based on five composite samples per sampling 


day : 
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Table 4.—Variances within plots of sample weights and 


residues. 








SINGLE SAMPLES Composite SAMPLES 


Residues Residues 


Sample Chemical Bio-_ 
Weights Analyses assays 





Sample Chemical Bio- 
Weights Analyses assays 
1 1,848 92.2 79.5 595 " 3.7 
3 2,480 13.1 10.1 705 3. 6 
7 1,165 8 5.1 1,422 3. 0 
2 a a 
a 
a 


Days AFTER 
SPRAYING 





7 
14 5,492 1,192 

21 2,968 _ 430 » 
28 1,259 — 648 45 





® Because of the low residues in these samples, it was not possible to obtain 
an accurate estimate of the residues by the fortified bioassay procedures used. 


of samples for residue analysis preclude general adoption 
of these practices in most residue determination pro- 
grams. Nevertheless, one can reasonably ask: “What 
theoretical and practical information can be derived from 
such an experiment?” It is evident from table 1 that the 
95% confidence intervals for the means based on single 
samples are about the same magnitude as the corre- 
sponding intervals for means based on composite sample 
weights. Furthermore, the within-plot variances for single 
and composite sample residues obtained by chemical 
analysis were roughly similar (table 4). Theoretically, 
one would expect the variance within plots of single 
sample residue values to be about five times the compar- 
able values for the composite values. Although some re- 
striction to randomness resulted from the selection of 
additional subplots for single samples when those chosen 
originally contained too little alfalfa, it is very unlikely 
this would decrease the within plot variance of single 
samples to such an extent. These observations imply that 
in obtaining estimates of mean residues on a crop like 
alfalfa from the sampling scheme adopted, no advantage 
is gained in using composite samples consisting of five sub- 
plots over the use of single samples. For example, on the 
basis of the data collected, if one assumes that an estimate 
of the true mean residue in the field is reliable if its co- 
efficient of variation does not exceed 10% a convenient 
combination would consist of five subplot samples (either 
single or composite) selected from three plots. 

The growth of plants along with weather effects and 
leaf drop are important factors in “reducing”’ insecticide 
residues calculated on a weight basis. In these experi- 
ments the changing pattern of sample weights was cur- 
vilinear with the highest weights being observed in the 
14-day samples and the lowest weights at the beginning 
and end of sample collection (table 3). The decrease in 
weights of the 21- and 28-day samples was not due 
primarily to a loss of moisture. A possible explanation is 
found in the large numbers of leafhoppers that were pres- 
ent in the field during the last 2 weeks of the experiment. 
The variance within plots of single sample weights was 
expected to be about five times that of the composite 
samples because each composite sample consisted of 
alfalfa from five subplots. The actual variance within 
plots of single sample weights was roughly one to seven 
times that of the composite samples. On the other hand, 
the 95% confidence intervals for the means based on 
single sample weights are practically all shorter than the 
corresponding intervals for means based on composite 
sample weights (table 3). This is due to the fact that the 
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component of variance for “between plots” is larger in the 
case of composite samples. This fact would suggest that 
to increase the precision of estimates of composite sample 
mean weights it would be advisable to use more plots, 
whereas in the case of single sample estimates it would 
be advisable to use more subplots. 
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Evaluation of Candidate Insecticides and Insect Pathogens 
for Tobacco Hornworm Control, 1956-1958! 


F. E. Gururig, R. L. Rass, and T. G. Bowery 


ABSTRACT 


Three years of laboratory and field testing of materials being 
screened for control of tobacco hornworms (Protoparce sexta 
(Johan.)) with reduced insecticide residue are reported. Com- 
parative contact toxicity tests indicated the following descending 
order of effectiveness: Guthion® (0,0-dimethyl S-(4-oxo-3H- 
1,2,3-benzotriazine-3-methyl) phosphorodithioate)=DDVP>en- 
drin=Dipterex® (0,0-dimethyl 2,2,2-trichloro-1-hydroxyethyl- 
phosphonate) = Shell SD 4402 (1,3,4,5,6,7,8-octachloro-3a,4,7,7a- 
tretrahydro-4,7-methanophthalan) > Thiodan® (6,7,8,9, 10, 10- 
hexachloro-1, 5, 5a, 6, 9, 9a-hexahydro-6,9-methano-2,4,3-benzodi- 
oxathiepin-3-oxide) =Sevin® (1-naphthyl-N-methyl carbamate) 
>Chlorthion® (0,(3-chloro-4-nitrophenyl)0,0-dimethyl phos- 


phorothioate), Delnav® (2,3,-p-dioxanedithiol S,S-bis(O,O-di 
ethyl phosphorodithioate), ethion, and Trithion® (S-(p-chloro 
phenylthio)methyl 0,0-diethyl phosphorodithioate). In field 
tests Thiodan, Sevin, SD 4402, and Dipterex gave larval control 
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generally comparable to endrin at the concentrations tested. 
Guthion gave poorer results than endrin at comparable concen- 
trations but was effective at the higher dosages. All materials 
were about equal in reducing hornworm damage when estima- 
tions were made 9 days after treatment, but Guthion and 
Dipterex permitted more damage than the other materials 22 
days after treatment. The residues from the compounds dissi- 
pated to the extent of 85 % or more during flue-curing. None of 


Tobacco is a crop that can well justify the expense of 
extensive insect control programs by the grower but can 
also be drastically affected by materials which cause off- 
flavors. The expense of producing, curing, and aging 
tobacco forces an extremely conservative attitude for 
pesticide recommendations. Even residues that do not 
affect flavor are objectionable to the manufacturer, who 
desires a leaf as nearly natural as is available. For these 
reasons a comprehensive search for less residual materials 
for control of tobacco insects has continued for the past 
several years. In addition to the obvious disappearance 
by weathering, insecticides applied to tobacco may also 
dissipate during the relatively high temperatures of 
flue curing. Therefore, an examination of the residual 
phosphates seemed worthy of investigation. 

The results of researches by Allen et al. (1953), Rabb 
& Guthrie (1956), and Dominick (1956) showed that 
endrin is a valuable insecticide for tobacco insect control. 
Rabb et al. (1957) reported results with Bacillus thurin- 
giensis Berliner for tobacco hornworm (Protoparce sexta 
(Johan.)) control. Although the use of Sevin® (1-naphthyl 
-N-methyl carbamate), Thiodan® (6,7,8,9,10,10-hexa- 
chloro-1,5,5a,6,9,9a-hexahydro-6,9-methano-2,4,3-benzo- 
dioxathiepin-3-oxide), Dipterex® (O,0-dimethyl 2,2,2-tri- 
chloro-1-hydroxyethylphosphonate), and Guthion® (0,0- 
dimethyl S-(4-oxo-3H-1,2,3-benzotriazine-3-methy]) phos- 
phorodithioate) have been reported by numerous authors 
on other crops, nothing has been published on the effect 
of these recently released insecticides on tobacco. Shell 
SD 4402 (1,3,4,5,6,7,8-octachloro—3a,4,7,7a-tetrahydro- 
$,7-methanophthalan) has not been reported in field 
tests. 

This paper reports the laboratory-, field-, and taste-test 
information that has been accumulated for control of the 
tobacco hornworm, since 1956. Where specific colorimet- 
ric methods were available the effect of weathering and 
barn-curing of tobacco on residues is also indicated. 

Metuops AND Martertats.—Laboratory Tests.—The 
comparative contact toxicity of the candidate com- 
pounds was ascertained before the materials were tested 
in the field. These tests were made during 2 different 
years, and endrin was included in each year’s tests for 
standard comparison. The materials were dissolved in 
dioxane and applied topically using a micrometer- 
actuated 0.25-ml. tuberculin syringe which delivered the 
measured amount of the toxicant to the dorsum of the 
first thoracic segment of 5th instar (4 to 6 grams) field- 
collected tobacco hornworms. Twenty to forty larvae 
were used to establish each point on the eye-fitted dos- 
age-mortality curve, and 4 or more points were used to 
establish the LD-50 figures. Check larvae were subjected 
to a quantity of dioxane equal to the highest volume of 
dioxane delivered with the less soluble materials and 


the materials affected taste of cured tobacco except Sevin, which 
caused a slight off-flavor. Bacillus thuringiensis Berliner was 
found to be equal to endrin in preventing hornworm damage al- 
though not so effective initially in reducing larval populations. 
The Bacillus organism had no detrimental effect on colonies of 
Polistes exclamans Vier. Two commercial preparations of Bacillus 
were found to be equal to insecticides in preventing hornworm 
damage. 


handled in identical fashion as the treated larvae. After 
treatment the larvae were provided with green tobacco 
leaves and held in 1-pint ice cream cartons for 4 days. 

Field Tests—The general procedure was similar for 
tests of insecticides and pathogens. Guard rows were 
from two to three rows wide when separating spray- 
treatment plots and from four to five rows wide when 
separating dust treatments. Unless otherwise indicated 
all plots were replicated four times in a randomized block 
design. All dust treatments were applied with a Hudson 
rotary hand duster to each side of the row. The full 
coverage spray treatments were applied with a Hahn 
high-clearance sprayer operating at 60 p.s.i. and de- 
livering 40 gallons per acre or a compressed air, hand 
sprayer delivering 50 gallons per acre. All tests were made 
against second-brood hornworms on tobacco near the 
topping stage of growth. The number of 3rd, 4th, and 
5th instar hornworms was recorded on marked plants 
selected at random throughout each plot. If infestations 
were too light or too variable, larvae were carefully 
moved to the marked plants from adjacent plants. 
Damage estimates were made utilizing the method de- 
scribed by Lawson & Rabb (unpublished manuscript). 

Insecticides.—In 1956, five dust formulations were 
compared on single-row plots, 55 feet long. The number of 
living larvae on 20 marked plants and the number of 
dead larvae on the plants or in the row middles were re- 
corded at the indicated intervals. In 1957, four spray 
formulations (high-clearance sprayer) and one dust for- 
mulation were tested on two-row plots, 40 feet long. One 
and one-half inches of rain occurred 3 hours after treat- 
ments were applied. The number of worms on 20 marked 
plants per plot was recorded as indicated. The damage 
estimate, made 2 weeks after treatment, is reported as 
per cent increase over the least damage treatment, which 
was Sevin. In 1958, six spray formulations were applied 
with high clearance equipment to four-row plots, 65 
feet long. Fifteen undamaged plants in the center rows 
of each plot were marked and uniformity of infestation 
insured before treatment. In addition to the data on 
larval reduction, damage estimates were made 9 and 22 
days after treatment, the second estimate being pri- 
marily an evaluation of the residuality of the treatments 
under the stress of continuous oviposition by a heavy 
wave of adult moths. 

Residue Analysis.—The tobacco from the 1958 spray 
treatments mentioned in the paragraph above was 
sampled at various intervals for residue analysis. Ten 
random bottom leaves from the middle 2 rows of each 
plot were composited for each treatment at the intervals 
indicated in table 5. In the residue dissipation study the 
analyses were made on green tobacco. In these cases the 
leaves were primed, extracted, and the extracts stored 
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at —15° C. to await analysis. In addition to the studies 
made on the green tobacco, bottom-leaf samples from 
each treatment were primed 15 hours after treatment and 
cured separately in small compartment barns. After cur- 
ing, 2-pound samples of the cured tobacco were made 
available for analysis. 

The analytical method used tor the determination of 
Guthion and oxy-Guthion was based on the procedure set 
forth by MacDougall (1958). Modifications in chroma- 
tographic separations permitted the determination of the 
total Guthion:oxy-Guthion complex and of Guthion 
alone. The determination of Thiodan residues was based 
on the procedure of Cassil (1958) as modified by Graham 
(1959). Residues of Sevin were determined using a 
modification of the procedure of Miskus (1958) and 
Whitehurst (1958). Determination of Dipterex residue 
toxins in aqueous extracts of green and cured tobacco 
followed the procedure of MacDougall (1956), which is a 
modification of the delta pH-cholinesterase method of 
Giang & Hall (1951). Apparent inhibition effects of the 
check tobacco extracts made it necessary to run a stan- 
dard curve for each concentration of extract used. One 
sample from the SD 4402 15-hour treatment was flue 
cured and bioassayed’ in accordance with the procedure 
of Sun & Sun (1952), using Drosophila as the test insect. 
Details on the analytical procedures used in the deter- 
mination of Guthion:oxy-Guthion, Sevin, Thiodan, and 
Dipterex on green and flue-cured tobacco will be set 
forth in a future paper. 

Flavor Tests.—The bulk of the tobacco primed and 
cured at the 15-hour interval from the 1958 insecticide 
plots was made into cigarettes and submitted to a co- 
operating manufacturing company’s taste panel for flavor 
evaluation. The taste tests were similar to those described 
previously (Entomology Faculty 1958). 

Insect Pathogens.—In 1957 Bacillus thuringiensis spore 
material was obtained from Dr. E. A. Steinhaus of the 
University of California. One lot of spores prepared in 
June 1956 and another prepared in March 1953 were used. 
Spore material of B. sotto Ishiwata was produced at North 
Carolina State College by Dr. A. E. Borg from a culture 
provided by Dr. Steinhaus. Triton B-1956 was used as a 
wetting-spreading agent at 1-2,000. 

Three tests were made utilizing this material. In 
the first test, nine treatments were applied to single row 
plots, 45 feet long. Five uninjured plants in each plot of 
treatments 1, 2, 4, and 9 were staked and infested with 
four to five hornworms immediately before applications 
were made. In addition, one 4th or 5th instar larva was 
placed on each of the first 15 unstaked plants in all plots 
before treatments were applied. Pretreatment counts 
were made on staked but not on unstaked plants. Treat- 
ments were applied with a hand sprayer or a rotary hand 
duster. A damage evaluation of the staked plants was 
made 10 days after treatment. 

In the second test in 1957, 10 uninjured and succulent 
plants were staked several hours in advance of treatment 
and infested with two 5th instar and one 4th instar 
tobacco hornworms. At the time of treatment the amount 
of leaf damage on each staked plant was estimated so 
that this damage could be subtracted from subsequent 
damage evaluations. The single-row, 65-feet-long plots 
were treated with a high-clearance sprayer. A damage 
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estimate was made | week after treatment. 

In the third test, 10 vigorous colonies of Polistes e.v- 
clamans Vier. (one of the important predators of horn- 
worms) established in wooden shelters were utilized. 
These were divided into two groups in such a manner as to 
obtain approximately equal numbers of the immature 
and adult stages in both groups. A pretreatment count of 
eggs, larvae, pupae, and adults was made in all colonies. 
One group of colonies was sprayed with a spore suspen- 
sion of B. thuringiensis and the other group with water. 
A hand sprayer applied the spray solutions to the point of 
run-off, 

In 1958, commercial preparations of Bacillus from two 
sources were tested. Bioferm spore material was desig- 
nated as No. 57-18 Microbial Insecticide and had 16.6 
billion viable spores per gram, B. thuringiensis PYP No. 
504. Two sample lots, designated as S7-138 and S8-182, 
respectively, were used. Merck spore material was desig- 
nated as MK-134 Microbial Insecticide, and the 1-pound 
lot (T'N 47-109) received for testing contained 100 billion 
spores per gram. Treatments were replicated three times 
in Test 1 and four times in Test 2. Each plot consisted of 
two rows of tobacco 40 to 80 feet long, which were treated 
with a high-clearance sprayer. Counts of hornworms were 
made on 5 or 10 marked plants before, and at 2- and 38- 
day intervals after treatments were applied. Estimates of 
hornworm damage were made on each marked plant be- 
fore and about 1 week after treatments were applied. 

Resutts.—Laboratory Tests—In 1956, as shown in 
table 1, Guthion and DDVP were found to be appreciably 
more toxic, Thiodan less toxic, and Dipterex about equal 
to endrin in topical toxicity. In 1958, Shell SD 4402 was 
found to be nearly as toxic, and Sevin was considerably 
less toxic than endrin. Chlorthion® (O-(3-chloro-4-nitro- 
phenyl)O,O0-dimethyl phosphorothioate) Delnav® (2,3- 
p-dioxanedithiol —S,S-bis(O,0-diethyl — phosphorodithi- 
oate), ethion, and Trithion® (S-(p-chlorophenylthio) 
methyl O,0-diethy! phosphorodithioate) lacked appre- 
ciable contact toxicity to tobacco hornworms. 

Fieitp Trests.—Insecticides—The tests in 1956 (table 
2) were difficult to evaluate owing to variations in the 
amount of dust delivered. The 1:10 dust mixture (1% 


® Bioassay analysis courtesy of J. E. Pankaskie, Shell Development Com- 


pany, Modesto, California. 


Table 1.—LD-S0 values, micrograms /larva, of insecticides 
applied topically to Sth instar tobacco hornworms weighing 
4 to 6 grams. 





MATERIAL Purity 


LD-50 


1956 
Guthion 
DDVP 
Endrin 
Dipterex 
Thiodan 
Chlorthion 
Delnav 


94% 61 
100% 77 
93% 131 
99% 140 
Tech. 650 
Tech. > 1,000 
Tech. >1,000 


1958 
Endrin 
Shell SD 4402 
Sevin 
Ethion 
Trithion 


95% 95 
Tech. 140 
Tech. 800 
95% >1,000 
95% >1,000 
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Table 2.—Effectiveness of dust formulations in controlling tobacco hornworms. Clayton, N. C. 1956. 





NuMBER oF HorNworms?® PER 20 PLANTS 





12 Hours After Treatment 


44 Hours After Treatment 





Active INGRE- 
DIENT PER 
Acre (LB.) 


TREATMENT Dead 


Reduction Over 
Check (%' 


Reduction Over 
Check (%) 


Living Living 








1% parathion + 10% TDE 
10% TDE 2 
14% endrin 0. 
5% Dipterex 0.55 
3% Thiodan 0.63 
Check - 

L.S.D.» at 5% level 

at 1% level 


0.13 
2.0 
2 


97 
85 
87 
91 
87 

0 


+ 91 
18 57 
12 70 

6 86 
10 76 
41 0 

6 

8 


_ 


Not ar asl= 





® 8rd, 4th and 5th instar. 
> Analysis did not include check data. 


parathion+ 10% TDE) was faster after 12 hours than 
10% TDE, 13% endrin, or 3% Thiodan. Five per cent 
Dipterex was faster than TDE or endrin but was not 
significantly faster than Thiodan. Forty-four hours after 
treatment the 1:10 dust mixture was more effective than 
all treatments except Dipterex. 

The results with the spray and dust formulations 
shown in table 3 indicate that endrin, Sevin, and Dipterex 
sprays are about equal in speed of action and in reducing 
hornworm damage. Both spray and dust formulations of 
Guthion were considerably less effective than the other 
treatments in controlling hornworms at the concentra- 
tions used. The amount of damage permitted by the 
treatments was in agreement with the control data. 

Table 4 shows that all the materials were about equal 
in speed of action even though Thiodan and Shell SD 
402 appeared to be slightly inferior (but not at the 5% 
level) to the other materials. After 40 hours all the ma- 
terials gave good to excellent results although Thiodan 
gave significantly poorer results than the other materials. 
Nine days after treatment there was no difference be- 
tween treated plots in damage. At the 20-day damage 
evaluation, however, the Dipterex treatment had ob- 
viously dissipated, and the Guthion treatment, although 
permitting less damage than the check and Dipterex 
treatments, was also inferior to the other treatments. 


Residues Analysis.—The residues found on the treat- 
ments discussed in the preceding paragraph are reported 
in table 5. As would be true of any crop with a large 
surface area and small volume the residues were initially 
quite high. The dissipation curves on green tobacco 
showed that Dipterex was the least persistent material. 
Sevin, Thiodan, and Guthion gave roughly the same re- 
sults, being dissipated appreciably but having 10 to 16 
p.p.m. 15 days after treatment. It should be emphasized 
that dissipation of the insecticides was due primarily to 
weathering. Growth dilution was not a factor since all 
leaves were taken from the lower part of the plant and 
were full-grown at the initiation of sampling. 

When the treated tobacco was primed (15 hours after 
treatment) and flue cured (temperatures rose slowly over 
a period of several days to 160° to 170° F.), the residues 
from the Dipterex treatment had lost 99%, Sevin 89%, 
Guthion 91%, and Thiodan 86°% of the amount found 
on green tobacco 1 day after treatment. As values for the 
green tobacco samples of SD 4402 are not available at 
this time, the per cent loss during flue curing cannot be 
stated. However, as only 1 p.p.m. was found on the cured 
leaf it is obvious that considerable dissipation had oc- 
curred. 

Flavor Tests.—A report from a major tobacco company 
showed that cigarettes made from tobacco primed 15 


Table 3.—Effect of insecticidal sprays and dusts on control of naturally heavy tobacco hornworm infestations and their 


damage. Greenville, N.C. 1957. 





ACTIVE ——— — 

INGREDIENT 

PER ACRE —— 

TREATMENT FoRMULATION® (Ls.) 3 4 


183% E.C. 20 
Guthion 2% dust .88 
Guthion 15% E.C. .20 
Sevin 24% E.C. 00 
Dipterex 50% S.P. 50 
Check —- 

L.S.D. at 5% level 
at 1% level 


16 
11 
18 
10 
13 
10 


Endrin 


— 
NWA woa oe 


NuMBER LivinG LARVAE ON 20 PLants? arrer Hours SHOWN 


Pre-treatment Instar 


INCREASE IN 
TosBacco 
Fo.LiaGe 

— CONSUMED 

24 (%) 


> 
we 


| 
| 


13 
65 
68 
0 
15 
156 


_ 
~ 
com | 


rs) - 
“2 Ore 00 00 OS 





* E.C., emulsion concentrate; 8.P., soluble powder. 
> Average of four replications. 
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Table 4.—Effect of insecticidal sprays in controlling tobacco hornworms and their damage. Clayton, N.C. 1958. 








No. Leaves Lost, 
15 PLANTS ON 
INDICATED Days 
AFTER TREATMENT® 


Per Cent Repuction 
OF 3RD, 4TH, AND 
5ru, [Nstars AFTER 


16 hrs. 40 hrs. 9 
99 

87 

96 

98 

98 

98 

+1 

6.0 

8.0 


Hornworms (By INSTAR) 
on 15 MarKeD PLANTS* 
Brerore TREATMENT 


ACTIVE 
INGREDIENT 
PER ACRE 

(LB.) 


TREATMENT Ls. 3rd 4th 


Endrin 0.4 
Thiodan 0.8 26 25 
Guthion 1.0 23 24 
Sevin 0.8 29 23 91 
SD 4402 25 0.2 28 22 74 
Dipterex 50%» 1.0 28 22 87 
Check $2 25 0 
L.S.D. 


5th 


89 
74 
83 


28 


95 
te 


<7 


or 


ie a) 
DDK Ore 


os 
w 


ns 
ns 


at 5% level 
at 1% level 
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*® Average of four replicates. 
> Soluble powder. 


Table 7.—Effect of endrin and B. thuringiensis on tobacco 
hornworms and their feeding. Clayton, N.C. 1957. 


Table 5.—Residues of insecticides found on green and 
flue-cured tobacco. Clayton, N.C. 1958. 





Living Hornworms* 

Arter Hours SHOWN 
Rate - — 
ACRE 


P.p.m.* at Inpicatep Days 
FoLLow1nG TREATMENT 
Loss MATERIAL 72 
DurinG 
CuRING 
(%) 


Cured 
Green Tobacco” Tobacco 
0.0 
1.8 


0.3 Ib. 
68 gm. 


Endrin (194% E.C.) 
B. thuringiensis (old) ; 
B. thuringiensis (old) 204 gm. 0.6 
Check (water) 40 gal. 15.0 

L.S.D. at 5% level : 2.5 


Dosace 


Mareriat (Lp./A.) 4 8 11 15 l 


Thi rda n 
Guthion 
Sevin 

Dipterex 
SD 4402 


86 
91 
89 
99 


0.5 20.: 
1.0 24.3 
0.8 12.8 
1.0 9.4 2. ‘ 1.3 
0.2 


13.8 





® Average per 10 plants. 





* Dry, stemless basis. 

> Rainfall at indicated days after treatment: 1.73 in. 5 days, 0.58 in. 13 days, 
0.36 in, 14 days. 

© Guthion-Oxy-Guthion; green tobacco, Guthion only. 


difference in effectiveness between the 1953 and 1956 lots 
of spores from California was not demonstrated. Since the 
64 gram-rate of B. sotto performed as well as the highest 
(163 grams) and most effective rate of B. thuringiensis, it 
seems probable that the former is more toxic to horn- 
worms. 

In another test (table 7) endrin again proved more 
rapid in action than B. thuringiensis but failed to give a 
greater reduction in damage. Also, no significant dif- 
ference occurred in the performance of the 68- and 204- 


hours after treatment showed no effect on taste or flavor 
except where Sevin was used. In this case a slight off- 
flavor was reported. 

Insect Pathogens.—In the test reported in table 6, the 
insecticides were much quicker in action than the 
pathogens and gave a greater reduction in living larvae 


within 72 hours after treatment. Leaf loss to hornworms, 
however, was about the same in plots receiving 96 grams 
per acre of B. thuringiensis (treatment 4) as in those 
treated with endrin and TDE (treatments 1 and 2). A 


gram rates of B. thuringinesis. 

Counts of each stage of Polistes exclamans before and 
after treatment with B. thuringiensis and water are sum- 
marized in table 8. There was no indication that the 


Table 6.—Effectiveness of Bacillus thuringiensis, B. sotto, and several insecticides in controlling tobacco hornworms. 


Clayton, N.C. 1957. 





TREATMENT FORMULATION Rate/AcreE® 


0.45 lb. 
1.10 lb. 
42 gm. 
96 gm. 
87 gm. 
163 gm. 
64 gm. 
1.30 lb. 


Endrin 
. TDE 
. thuringiensis 
. thuringiensis 
. thuringiensis 
. thuringiensis 
sotto 
. Guthion 
. Check 
L.S.D. at 5% level 
at 1% level 


Calif., 1956 
Calif., 1956 
Calif., 1953 
Calif., 1953 
N.C., 1957 
24% dust 





AVERAGE No. or Living LARVAE PER 


LEAVES 
—-—— X+0.5 Lost PER 
72 Hrs. 5 PLants 


Piotr Arrer Hours Suown 





~ =~ 
ae | 


i 





® Active ingredient for insecticides and weight of dry spore powder for pathogens. 
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Table 8.—Effect of B. thuringiensis sprayed directly on colonies of Polistes exclamans. Clayton, N.C. 1957. 








NuMBER? OF Eacu Stace or Polistes Berore AND ON Days AFTER TREATMENT SHOWN 


Pre- Pre- 
Treat Treat 3 


TREATMENT 


B. thuringiensis 
2 gm./gal. 81 71 67 177 158 
Check (water) 61 73 54 162 133 


Larvae 


Pupae Adults 
Pre- Pre- 
7 ‘ Treat 3 7 14 Treat 


158 98 177 
143 151 134 


159 219 291 66 
185 245 287 54 





® Total number of each stage in five colonies of wasps. 


Bacillus was harmful to this important hornworm pre- 
dator. 

Two tests of commercial preparations of B. thurin- 
giensis yielded the data presented in table 9. In test 1, 
the 282 grams of Bioferm and 188 grams of Merck spores 
brought about a significantly higher reduction in larvae 
than the two lower rates of Bioferm spores. On the basis 
of damage, no treatment was significantly better than the 
others, though all were better than the check. In test 2, 
the 47-gram dosage of Merck spores was significantly 
poorer than the other treatinents in reducing larval 
populations and damage. The 188 grams of Merck and 
Bioferm spores produced comparable results. The 752 
grams of Merck material gave the highest reduction in 
hornworms and resulted in the least damage but was 
not significantly (5% level) better than the 188 grams. 

ConcLusions.—Certain insecticides tested showed con- 
siderable promise for hornworm control. In addition, they 
had a distinct advantage for future planning of tobacco 
insecticide-control programs in that the insecticide 
residues were drastically reduced or eliminated during 
curing. Further work needs to be done to determine the 
fate of these insecticides during smoking (heat degrada- 
tion at 800° C.) and to determine their effectiveness in 
controlling the other major insect pests of tobacco in 
advanced testing programs. 

Bacillus thuringiensis spores were found to be as ef- 
fective as recommended insecticides in preventing dam- 
age by hornworms but were slower in their action. It 
would appear that spore-treated worms stop feeding 


Table 9.—Effectiveness of commercial preparations of 
Bacillus thuringiensis spores against tobacco hornworms. 
Clayton, N.C. 1958. 








Tora. MEAN Repwction MEAN 
Rate No. oF LARVAE AFTER NUMBER OF 
SOURCE PER LARVAE 72 Hours LEAVES 
Test OF ACRE BEFORE — Lost PER 
No.“ Spores (Grams) TREATMENT 10 PLANTS 


Angles” 


Bioferm 47 167 § 58 $2. 
Bioferm 141 145 61 12. 
Bioferm 282 170 § 79 1.4 
Merck 188 171 ‘ 73 10.: 
Check — 194 - 99. 
at 5% level ¢ 32. 


Merck 47 233 ; $5.5 
Merck 188 212 ¢ 13.3 
Merck 752 217 § 3. 
Bioferm 188 203 is 18. 
Check _ 227 18 - 158. 
LS.D. at 5% level d 17. 





® Tests 1 and 2 were each replicated three times. Counts were made on 10 
plants per plot. 
Reduction percentages corrected by Abbott’s formula and transformed to 
angles 


soon after ingesting spores but remain in an apparently 
healthy condition for 2 or more days. B. sotto appears to 
be somewhat more effective than B. thuringiensis in re- 
ducing hornworm populations. Commercial preparations 
of Bacillus gave good control of hornworms. Results in 
other tests have indicated that the Bacillus treatment is 
not effective against the tobacco budworm, [Heliothis 
virescens (F.), and this fact greatly reduces its potentiality 
for tobacco insect control. 
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Control of Sanninoidea exitiosa graefi (Hy. Edw.) on Apricots 


Haroip F. Mapsen and J. Buatr BatLey, University of California, Berkeley'* 


ABSTRACT 


Studies were conducted on the control of the western peach 
tree borer, Sanninoidea exitiosa graefi (Hy. Edw.), in apricots 
with both soil fumigants and trunk sprays from 1955 through 
1958. Results were first evaluated by caging the trees to trap 
emerging adults, later by counting empty cocoons or pupal cases, 
and finally by strike counts in the early fall. The last-mentioned 
method was found to be the most practical. 

In the soil fumigation trials paradichlorobenzene, propylene 
dichloride, and tetrachloroethane gave good results. Ethylene 
dichloride was the least effective in these trials. Tetrachloro- 
ethane, although it killed borers, was extremely phytotoxic. 

Trunk treatments were made during the 1957 and 1958 sea- 
sons. In 1957 Thiodan® (6,7,8,9, 10-hexachloro-1,5,5a,6,9,9a,hexa- 
hydro-6,9-met hano-2,4,3-benzodioxathiepin-3-oxide) and endrin 


The western peach tree borer, Sanninoidea exitiosa 
graefi (Hy. Edw.), is an important pest of stone fruits in 
California. Although Essig (1958) lists peach as the per- 
ferred host, the insect is most commonly found on apricots 
in northern California. Plums, prunes, cherries, almonds, 
and peaches are all attacked, but the most serious damage 
is to apricots. 

Its importance on apricots is probably due to the geo- 
graphical location of the stone fruits in California. Most 
of the peaches are grown in the interior valleys of Cali- 
fornia, where the western peach tree borer is not an im- 
portant pest. It is most serious in the coastal districts 
where the majority of the apricots and but few peaches 
are grown. It is most important in the counties located 
near the San Francisco bay area, which contains over 
half of the State acreage of apricots. It is in this area that 
western peach tree borer is most serious. 

One of the problems associated with the control of this 
insect is the long emergence period of the adults. This has 
been pointed out in studies on the peach tree borer in the 
Southern States, where Snapp & Thomson (1943) found 
that the moths emerge from May to November with a 
peak in August and September. King & Morris (1956) re- 
ported that in Texas the moths emerge from late May to 
October, with a decline in August followed by a peak in 
September. 

During the course of investigations in California it was 
determined that the moths of the western peach tree 
borer first appear in late April or early May, and continue 
through September. The peak emergence according to 
data from several seasons is in July or early August. The 
periods of lowest adult emergence are usually in May or 
September, but on occasion a period of hot weather in 


applied three times at monthly intervals gave good control. 
DDT was also effective, and there was little difference between 
treatments at monthly or bimonthly intervals. The addition of a 
sticker to DDT did not improve its performance. Whitewash, 
applied to the trees in late May, did not prevent borer attack. 
In 1958, Thiodan and endrin gave excellent control whether 
treated four times at monthly intervals or twice at bimonthly 
intervals. Guthion® (0,0-dimethyl S-(4-oxo-3H-1,2,3-benzo- 
triazine-3-methyl) phosphorodithioate) was effective at monthly 
intervals but less so at bimonthly intervals. DDT was not so 
good as the above compounds, but gave commercial control when 
applied four times at monthly intervals. A single treatment of 
dieldrin in June did not provide satisfactory control. 


May will bring about a moderately heavy emergence. 

Control studies on this pest were begun in 1955 and 
continued through the 1958 season. 

MarTertats AND Metnops.—The first control experi- 
ments during the 1955 and 1956 seasons were conducted 
with soil fumigants. They were applied to the trees by 
various methods, depending upon the nature of the com- 
pounds. Tests during 1957 and 1958 were with trunk 
sprays, and the materials were applied with a conven- 
tional high-pressure rig and orchard spray guns. The pres- 
sure was reduced to 200 p.s.i. in order to avoid excessive 
splashing of the materials. 

One of the major problems associated with experi- 
mental work on the western peach tree borer is the evalua- 
tion results. In the early experiments treatments were 
made in one season and evaluated the following year by 
emergence records. At first cages were constructed around 
the base of each tree to trap the emerging moths. This 
practice did not prove feasible, as the moths were difficult 
to see, weed growth within the cage area was hard to re- 
move, and many cages were damaged by cultivation and 
irrigation practices. 

It was subsequently ascertained that a record of emer: 
gerence could be made by counting the cocoons and pupal 
‘ases around the trees at intervals throughout the season. 
It was necessary to remove weeds and smooth the ground 
around the trees to make this method feasible. Since the 


1 Accepted for publication February 6, 1959. 
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their assistance during these investigations: Ross R. Sanborn, farm advisor, 
Contra Costa County, and Peter Westigard and Marius Wasbauer, laboratory 
technicians, Department of Entomology and Parasitology, University of Cali- 
fornia, Berkeley. 
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cocoons and pupal cases remain projecting from the tree 
trunk or from cracks in the soil, they are relatively easy 
to count. Although this method was satisfactory it was 
still necessary to evaluate results the year after treat- 
ment. 

During the 1957 season it was noted that the attack 
of the borers in late summer was characterized by the 
presence of a small area of frass on the tree trunk. Frass 
areas were usually scattered over the trunk above the soil 
line, with each area indicating the work of a single borer. 
These spots, which will be referred to as “‘strikes,” were 
counted on the test trees during the fall of 1957, and the 
same trees were checked for adult emergence the next 
year. The two methods of evaluation correlated very well 
and the strike count was adopted for the 1958 trunk trials. 
It was necessary to make these counts in early fall, as the 
frass areas tended to gum heavily and coalesce into large 
areas by late October and November. It was then im- 
possible to determine how many borers were involved. In 
the spring masses of jellylike gum were present on the in- 
jured areas, so that it was still impossible to determine 
from an external examination how many borers were 
present. 

Som Fumicanr TriaAts—1955-1956.—The standard 
treatment in California for western peach tree borer con- 
trol is the use of paradichlorobenzene (PDB) as a fumigant 
in the fall. In order to test this standard treatment in com- 
parison with other fumigants, a test plot was established 
ina young Blenheim apricot orchard which showed evi- 
dence of heavy borer attack. Ethylene and propylene di- 
chloride were included as Snapp (1950) and Anthon 
(1955) have reported that these compounds gave good 
control. Tetrachloroethane was also used since the com- 
pound was being used for borer control. 

The most heavily infested trees in the orchard were 
selected for the trials, and each treatment was applied 
to six trees in an unrestricted randomized plot design. 
Materials were applied on November 2. PDB was used at 
the rate of 1 ounce per tree and was applied as a band 2 
inches from the trunk. The crystals were covered with 
earth and packed down with a shovel. Ethylene and 
propylene dichloride were diluted using an emulsion of 6 
parts of water to 4+ parts of 50% emulsion. They were 
poured around the trees at the rate of one-half pint per 
tree. The treated area was then covered with dirt and 
packed down. Tetrachloroethane was injected with a weed 
gun set to deliver one-half ounce of undiluted material per 
injection. Eight injections were made around each tree to 
give a 4-ounce-per-tree dosage. 

In addition to the above compounds, exploratory trials 
with two trees in each instance were made with Vapam* 
(sodium methyldithio-carbamate), Nemagon (1,2,Di- 
bromo-3-chloropropane), Stauffer 339, parathion gran- 
ules, and lindane drench. The plots were limited since 
nothing was known concerning the phytotoxie properties 
of these compounds. 

The plots were evaluated the following season by count- 
ing cocoons and pupal cases. The data are summarized 
in table 1. PDB, propylene dichloride, and tetrachloro- 
ethane gave satisfactory results as compared with the 
check plots. Ethylene dichloride was not so effective as 
the other materials. 

No counts were made on the exploratory compounds 
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Table 1.—1955 soil treatments for control of the western 
peach tree borer. 








ToraL AVERAGE 
Morn  EMer- 
EMER- GENCE 
GENCE PER TREE 


MatTeErRIAL* DOSAGE PER TREE 





Paradichlorobenzine 1 oz. of crystals 

Propylene dichloride 34 pint of a 6-4 dilution 

Ethylene dichloride 3 pint of a 6-4 dilution 

Tetrachloroethane 4 oz. in eight 3 oz. in- 
jections 


Check No treatment 





® Application made on November 2. 


since so few trees were involved in the trials. Observations 
showed, however, that borers were present in the treated 
trees, and none of the compounds indicated any out- 
standing degree of control. 

It was noted that the trees treated with tetrachloro- 
ethane showed adverse effects, but since they had been so 
badly damaged by borers it was not possible to ascertain 
the true effect of the chemical. To further check this 
point, tetrachloroethane, along with ethylene and propy!l- 
ene dichloride, were applied in the spring of 1956 to a 
healthy young almond orchard on apricot root stock. 
Five trees were used per treatment, and the compounds 
were applied in the same manner as previously described. 
The trees were examined throughout the season, and by 
summer three of the five trees treated with tetrachloro- 
ethane were dead. The other two showed marginal leaf 
burn, poor growth, and shriveled nuts. The trees did not 
show any sign of injury from ethylene and propylene di- 
chloride. The adverse effects of tetrachloroethane were 
noted on grower-applied plots in addition to these trials; 
therefore it was concluded that this compound is too 
phytotoxic for use on fruit trees. 

Trunk TREATMENTS 1957—1958.—DDT has been used 
as a trunk spray by growers in California for western 
peach tree borer with varying results. The long emergence 
period of the adult makes it necessary to make several 
applications during the season. The number of treatments 
needed seems to vary, according to the reports of other 
workers. Martin (1953) reported the three applications 
of DDT, lindane, or dieldrin gave satisfactory results in 
Texas. McCreary (1954) in Delaware states that five 
applications of DDT, BHC, dieldrin, parathion, and EPN 
gave control, but three applications with a sticker were 
slightly less effeetive. Snapp (1958) reported that trunk 
sprays of DDT, BHC, and parathion were effective 
against light infestations, but were not dependable against 
a heavy infestation. 

Since the results with DDT in California were so vari- 
able a plot was established in the 1957 season on a mature 
Blenheim apricot orchard which was heavily infested with 
western peach tree borer. DDT was used at monthly and 
bimonthly intervals, with and without a sticker. Thiodan® 
(6,7,8, 9, 10, 10-hexachloro-1, 5, 5a, 6, 9, 9a-hexahydro-6, 9- 
methano - 2-4-3 -benzodioxathiepin -3-oxide) and endrin 
were also used at monthly intervals. Whitewash had been 
reported by growers to reduce borer attack, and was in- 
cluded in the trials. Each material was applied to four 
trees with three replications in a randomized block de- 
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Table 2.—1957 trunk sprays for control of the western 
peach tree borer. 
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Table 3.—1958 trunk sprays for control of the western 
peach tree borer. 











Tora. Tora. 
“STRIKES” ADULT 
PER 12 TREES EMERGENCE 
(Sepr. 1957) 1958 


DosAGE PER 100 
MATERIALS GALLONS 


no spray 44 35 
8 lb. WP 50%* 10 7 
8 lb. WP 50%» 


Check 
DDT 


DDT 
2 8 


plus 12 
1 qt. National sticker 
8 lb. WP 50%” 
2 qt. EC 1.6% 
8 lb. WP 25%" 
_d 


DDT 
Endrin 
Thiodan 
Whitewash 
Check 


no spray 





® Applied May 29, June 28, August 2. 

> Applied May 29, August 2. 

© Formulation contained 1.6 lb. endrin per gallon. 
4 Applied May 29. 


sign, using the spray equipment previously described. Be- 
fore application the weeds were removed from around 
each tree. The sprays were applied to the trunk, from the 
main limbs to the soil line, and an average of 1} gallons 
was applied per tree. The first treatments were made in 
May, and subsequent sprays were at monthly or bi- 
monthly intervals. The plots were evaluated in the fall of 
1957 by making counts of the “strikes” on each tree. To 
check this method of evaluation, the pupal cases and 
cocoons were examined the following season. The data are 
summarized in table 2. 

In all cases the emergence counts correlated with the 
strike counts, but the total emergence was always less 
than had been recorded in the fall. This can be explained 
by natural mortality and by the probability that some 
cocoons and pupal cases are lost during orchard disking 
and irrigation. The 1957 data showed that Thiodan and 
endrin were very promising for borer control. There was 
little difference between the DDT plots, and all gave 
what could be considered commercial control. Whitewash 
was not an effective means of preventing borer attack. 

In the 1958 season trunk spray trials were continued 
to further evaluate Thiodan and endrin. Guthion* 
(0,0-dimethy! S-(4-oxo-3H-1,2,3-benzotriazine-3-methy1) 
phosphorodithioate) was also included as other phosphates 
have been reported to give control of peach tree borer. 
Smith (1952) has stated that parathion and EPN give 
good control, apparently because of ovicidal action. A 
treatment of a single heavy dosage spray of dieldrin was 
used as Wylie (1956) reported that a single application of 
dieldrin in June resulted in seasonal control. 

During the 1957 season it had been observed that 
trees that showed evidence of a prior heavy borer attack 
were more susceptible to reinfestation than trees with only 
light attack. Therefore, the trees used in the 1958 trials 
were selected on the basis of having a minimum of four 
areas of gum and frass per tree. Twelve trees that met the 
above qualifications were selected and marked from single 
tree rows for each treatment. Check rows with similarly 
selected trees were left between the treated rows. Each 
material was used at monthly and bimonthly intervals 
with the exception of DDT, which was used at monthly 


AVERAGE No, 
“STRIKES” 


AVERAGE 

DosaGE PER 100 “STRIKES” 

MATERIALS GALLONS® 
Thiodan 1 gal. EC, 2.0> 
Thiodan 1 gal. EC, 2.0¢ 
Check 
Endrin 
Endrin 
Check 
Guthion 
Guthion 
DDT 


Dieldrin 


2 qt. EC, 1.6> 
2 qt. EC, 1.6° 


8 lb. WP 25%» 
8 lb. WP 26% 
8 Ib. WP 50% 14 
1 gal. EC, 1.54 25 





® Emulsion concentrates contained pounds of active ingredient per gallon as 
follows: Thiodan, 2; endrin, 1.6; dieldrin, 1.5. 

> Applied May 15, June 18, July 25, Aug. 18, 

© Applied May 15, July 25. 

4 Applied June 18. 


intervals only, and the single application of dieldrin, 
The first sprays were applied on May 15, as a period of 
warm weather in late April was followed by an adult 
emergence in early May. The plots were evaluated in 
sarly September by making strike counts on the treated 
and untreated trees. The 1958 data are summarized in 
table 3. 

Thiodan and endrin gave excellent control at both 
monthly and bimonthly intervals. Guthion was effective 
when used at monthly intervals, but was less effective at 
bimonthly intervals. DDT, although not so good as the 
above compounds, gave what could be considered com- 
mercial control. The single treatment of dieldrin, although 
reducing the number of bores as compared with the check, 
was not satisfactory. The performance of Thiodan and 
endrin indicates that it may be possible to control western 
peach tree borer with but two applications per season. 
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Response of Cotton and Cotton Pests to Thimet Seed-Treatment! 


W. J. Misrric, Jr. and E. J. Spynauskt, North Carolina State College, Raleigh 


ABSTRACT 


Coker 100W cottonseed treated with Thimet® (0,0-diethy] 
S-(ethylthio)methyl phosphorodithioate) was evaluated in repli- 
cated field tests at four widely separated locations in North 
Carolina during 1955-56. Thimet exhibited pronounced effects 
both upon the cotton plant and pests which attack cotton. 
Thimet seed-treatments were particularly effective in controlling 
thrips, Frankliniella fusca (Hinds), F. exigua Hood, F. tritici 
(Fitch), Thrips tabaci Lind., and the cotton aphid, A phis gossypii 
Glov., until the time of squaring. This material afforded seasonal 
protection from spider mites, Tetranychus cinnabarinus (Bois.) 


The systemic insecticidal efficiency of Thimet® (0,0- 
diethyl S-(ethylthio)methyl phosphorodithioate) as a 
seed-treatment for cotton was first reported by U.S. De- 
partment of Agriculture workers at College Station, 
Texas, in 1954 (Anonymous 1954). The results of these 
studies were published by Ivy et al. (1957). In laboratory 
tests these workers found that 4 pounds of Thimet per 100 
pounds of cotton seed produced no plant injury. At this 
dosage Thimet effectively controlled boll weevils, cotton 
aphids, spider mites, and thrips for 7 to 9 weeks but failed 
to control bollworms. Thus, Thimet was shown to be 
particularly promising for control of four of the five major 
pests of cotton in North Carolina. In addition to the 
simplicity of application the use of an effective systemic 
insecticide for early-season insect control could con- 
ceivably reduce the required number of mid- and late- 
season conventional insecticide applications. 

Under North Carolina conditions the ecological and cul- 
tural factors affecting cotton favor a relatively short 
growing season. During most seasons cotton is planted 
early throughout the State within a 4-week period. The 
major portion of the crop is produced during the first 5 
weeks of fruiting. Therefore, it is most profitable to begin 
insect control early for maximum early yields. 

Investigations conducted in other states on the use of 
Thimet seed-treatment for cotton have been reported by 
Parencia et al. (1957a, 1957b), Reynolds et al. (1957), 
Hopkins et al. (1958), Hanna (1958), Dobson (1958), and 
Adkisson (1958). The results presented herein are in sub- 
stantial agreement with those of the authors cited. How- 
ever, the results of this investigation indicated a superior 
degree of insect control and more adverse effects on the 
cotton plant’s capacity to produce an early crop of nor- 
mal yield. 

Mernops AND Mareriats.—Field-test data were ob- 
tained during 1955 and 1956 on the efficiency of Thimet 
seed-treatments for the control of cotton insects and the 
effect of the treatments on cotton plants. In all tests 
Thimet treatments were compared with toxaphene treat- 
ments and an untreated check. 

Experiments 1 and 2, conducted in 1955 and 1956 re- 
spectively, were designed to determine the effect of the 
treatments on early-season cotton insects. Experiment 3 
Was designed to determine the seasonal effect of treatment 


and 7’. telarius (L.). Thimet was partially effective in reducing 
boll weevil, Anthonomus grandis Boh., infestations throughout 
the season, but the use of this material favored the development 
of bollworm, Heliothis zea (Boddie), and tobacco budworm, 
H. virescens (F.), infestations. Delayed fruiting of cotton ap- 
peared to be the most detrimental characteristic associated with 
the use of Thimet. However, certain adverse effects upon the 
germination, emergence, and vegetative growth of cotton were 
also noted. 


on the boll weevil (.Anthonomus grandis Boh.) and boll- 
worm (Heliothis zea (Boddie)) in 1956. These field tests 
were located in areas representative of the wide range in 
environmental and cultural conditions existing in the 
State. 

Experiment 1 was conducted at four locations. In 
Cleveland and Union Counties, located in the Southern 
Piedmont, the plots were on red sandy clay loam and 
brown sandy clay loam, respectively. In Scotland County, 
located in the Southern Coastal Plain, the tests were on 
brown sandy loam, and in Halifax County, in the North- 
ern Coastal Plain, on brown fine sandy loam. Experiment 
2 was conducted in Johnston County, in the Central 
Coastal Plain, on brown sandy loam, and in Union 
County. Experiment 3 was conducted in Cleveland and 
Scotland Counties. All fields received a complete fertilizer 
at the time of planting. In addition, fields in the Coastal 
Plain counties received a side-dressing of nitrogen at the 
time of thinning. 

A randomized block design was used in each experi- 
ment. In experiment 1 a block of three randomized plots 
was located on each of three farms in each county. Each 
plot was approximately one-third acre. Experiments 2 
and 3 consisted of four randomized plots within each of 
four adjacent blocks. Each plot was one-tenth acre in ex- 
periment 2, and one acre in experiment 3. 

All test fields were planted between April 12 and May 
12 at the rate of approximately 30 pounds of seed per 
acre. Planting was accomplished with either mule-drawn, 
single-row planters or with tractor-mounted, two-row 
planters. Some adjustment of the mule-drawn planters 
was necessary to increase the flow of seed when Thimet- 
treated seed was planted. In all tests Coker 100W variety 
was used except in two blocks in Scotland County, ex- 
periment 1, where one was planted with All-In-One 
variety and one with Moore’s Special variety. In the 1955 
tests the cotton seed of each cooperating grower was used. 
Most seed was reported to be either certified or registered, 
mechanically delinted, and treated with a fungicide. All 
1956 tests were planted to the same lot of registered Coker 


1 Contribution from the Entomology Department, North Carolina Agricul- 
tural Experiment Station, Raleigh. Published with the approval of the Director 
of Research as Paper No. 987 of the Journal Series. Accepted for publication 
February 25, 1959. 
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100W seed which had been mechanically delinted and 
treated with a fungicide. 

Thimet, formulated with activated carbon, was applied 
to the seed used in planting the Thimet-treated plots. In 
experiment 1 treatment was applied immediately before 
planting by tumbling the seed in a cardboard drum with 
Thimet at the rate of 4 pounds of 50% technical material 
per 100 pounds of seed. In experiments 2 and 3 seed was 
commercially-treated at the rates of 4 and 8 pounds of 
44% Thimet per 100 pounds of seed. 

Early-season treatments of toxaphene (e.g., treatments 
started during the 2-leaf stage of cotton) were applied 
at weekly intervals to the toxaphene plots in experiments 
1 and 2. Four applications of 10% toxaphene dust at 15 
pounds per acre were applied with a rotary hand duster. 
All plots in experiment 1 and 2 received late-season ap- 
plications of insecticides. In experiment 1 late-season in- 
sect control was performed by cooperating growers. In ex- 
periment 2 late-season insect control was obtained with 
applications of 3 to 4 pounds of toxaphene per acre at 5- 
day intervals until the plants in the Thimet-treated plots 
matured. In experiment 3 the toxaphene plots received the 
first application 1 week prior to squaring. Additional ap- 
plications of 20% toxaphene dust at 20 pounds per acre 
were made at 5-day intervals until the plants matured. 
Other than the initial seed treatment the Thimet plots in 
experiment 3 did not receive further insecticidal treat- 
ment. 

ResuLts AND Discussion. 
gence Was apparent in some experiments during both 
years where Thimet seed-treatments were used (table 1). 
However, in no experiment were the reductions suffi- 
ciently large to affect the cotton stand following the thin- 
ning operation. Some of the differences in emergence can 
be attributed to erratic planting; however, records of 
planting rates and the trend in data indicate that other 
factors were involved. Adverse climatic and cultural con- 
ditions appeared to be more detrimental to the germina- 
tion and emergence of Thimet-treated seed than of un- 
treated seed. There was generally a short delay in the 
emergence and initial growth of seedlings from treated 
seeds. Speckling of the first leaves was also noticeable in 


A reduction in plant emer- 


Table i.—Emergence of cotton plants in field tests for 
control of insects. North Carolina, 1955-56. 





NUMBER OF PLANTS PER 
100 Linear Frer* 

Thimet, 

1.0 Lb. 


Thimet, 


Check 0.5 Lb. 


County 

Experiment 

Cleveland 222 

Union { 459 n.s. 

Scotland d 554 n.s. 

Halifax 288 ns. 
Experiment 2 

Union 5 230 238 n.s. 

Johnston 471 $21 n.s. 
Experiment . 

Cleveland 445 163 $17 19 

Scotland 365 261 46 





® Twenty-five consecutive feet on each of four adjacent rows sampled per 
replicate. 
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Table 2.—Thrips infestation in field Experiments 1 and 2, 
North Carolina, 1955-56. 








Noumser or Turips PER Pant? 


On Weeks Following 2-Leaf Stage 
TREATMENT* - --~ — ———— 

(LB./A.) 0 1 2 

Experiment 1 
Cleveland County 

Check 3.4 
Toxaphene, 1.5 
Thimet, 0.5 0.1 

L.S.D. @ 5% level 


SEASONAL 


Union County 
Check 10.1 6.3 6.4 
Toxaphene, 1.5 7.2 1.4 0.1 
Thimet, 0.5 0.0 0.5 
L.S.D. @ 5% level 
Scotland County 
Check .6 3.1 4.9 
Toxaphene 1.5 6 B3 1.5 
Thimet, 0.5 Ke 0.1 0.1 
L.S.D. @ 5% level 


wo 


n- 


Halifax County 
Check 2.1 2.8 1.9 
Toxaphene, 1.5 2 1.2 0.0 
Thimet, 0.5 .0 0.0 0.0 
L.S.D. @ 5% level 


= 
ocoxrn 


Experiment 2 
Union County 
Check 9 17.8 12.0 
Toxaphene, 1.5 2.2 2.0 2.6 
Thimet, 0.5 0 0.4 1.0 
Thimet, 1.0 0 0.0 1.2 
L.S.D. @ 5% level 
Johnston County 
Check 0.1 0.3 0.8 
Toxaphene, 1.5 0.2 0.1 0.3 
Thimet, 0.5 0.0 0.0 0.0 
Thimet, 1.0 0.0 0.0 0.0 
L.S.D. @ 5% level 





* Fifteen pounds per acre of 10% toxaphene dust at weekly intervals be- 
ginning at 2-leaf stage; pounds per acre of Thimet as seed treatments. 

> Twenty plants sampled at random per replicate during the first 2 weeks, 
and 10 plants sampled during the remaining weeks. 


most Thimet plots. Cotton plants in the Thimet-plots 
had luxuriant foliage in the late seedling stage, which 
diminished gradually as the season progressed. It did not 
appear that the luxuriant vegetative growth could be 
attributed solely to the control of insects. 

The use of Thimet seed-treatment consistently delayed 
blooming of cotton during the first half of the normal 
fruiting period (figures 1 and 2). This resulted in delayed 
maturity of the crop (table 5). Thus, a large portion of the 
crop in the Thimet plots may be susceptible to high popu- 
lations of late generations of the boll weevil and the late 
brood of bollworms. Furthermore, adverse climatic con- 
ditions are quite common during late-season in North 
Carolina, especially in the Coastal Plain counties. 

Thimet seed-treatments effectively controlled thrips, 
Frankliniella fusca (Hinds), F. exigua Hood, F. tritici 
(Fitch), and Thrips tabaci Lind., on cotton throughout 
the period of thrips activity (table 2). This period extends 
from the emergence of seedlings through the eight-leaf 
stage. Thrips reproduction was not observed on cotton 
seedlings following the use of Thimet. Adult thrips found 
on plants in the Thimet-treated plots undoubtedly were 
transient forms. Plant height measurements, taken from 
the ground to the top of the terminal bud, were made at 
the eight-leaf stage (table 3). In most tests the untreated 
plants were shorter than plants receiving toxaphene or 
Thimet treatments. The greatest differences in height be- 
tween treated and untreated plants were related to the 
higher thrips infestations. 

Light infestations of the cotton aphid, Aphis gossypii 
Glov., and spider mites, Tetranychus telarius (L.) or T. 
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FIRST SECOND THIRD 


FIRST SECOND THIRD 


WEEK OF BLOOMING 


I TOXAPHENE 


CHECK 


THIMET (i/2 LB. /A.) 


Fic. 1.—Average number of white blooms per 100 linear feet recorded on 1 day during the middle 
of each of the first 3 weeks of blooming. 


cinnabarinus (Bois.), occurred early in the season in most 
tests. Thimet seed-treatments protected cotton plants 
from these infestations. In addition, Thimet afforded sea- 
sonal protection against heavy infestations of spider 
mites. In experiment 2 spider mites were active through- 
out the season at both locations. Demeton spray was used 
to control spider mites in the toxaphene and check plots 
in Union County whereas treatments were not applied for 


spider mite control in Johnston County. It was apparent 
that both levels of Thimet effectively controlled 7. cin- 
nabarinus in Johnston County and 7’. telarius in Union 
County throughout the season. 

A reduction in boll weevil activity occurred throughout 
the season in plots treated with either } or 1 pound of 
Thimet (table 4). Under field conditions Parencia et al. 
(1957a) determined that Thimet was toxic to over- 
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Average number of white blooms per 100 linear feet recorded on 1 day during the middle 


of the second, fourth, and sixth week of blooming. 


wintered boll weevils for about 4 weeks following plant 
emergence. Ecological investigations in North Carolina 


Table 3.—Height of cotton plants in field tests for thrips 
control. North Carolina, 1955-56. 
Heicut or PLANts iN INCHES AT 
8-LEAF STAGE 





Toxaphene, Thimet, Thimet, L.S.D. 
1.5 lbs. 0.5 Ib. 1.0 Ib. 5% 


CouNTY Check 


Experiment 1° 
; 2.7 10. - n.s. 
Union : 9.0 9.§ 1.2 
Scotland 4 7.9 oP n.s. 
Halifax : 8.6 8. - n.s. 
Experiment 2» 
10.9 10.6 
7.9 7.6 


Cleveland 


Union 
Johnston 





® Five consecutive plants on each of four adjacent rows sampled per replicate. 
b Twenty-five consecutive plants on each of four adjacent rows sampled per 


replicate. 


have shown that throughout the season boll weevils tend 
to congregate on cotton with the greatest fruiting vigor. 
In the Thimet plots fruiting was retarded during the first 
half of the season and accelerated during the second half 
(figure 2). The trend in infestation data (table 4) suggests 
that both the insecticidal activity and different fruiting 
response due to Thimet should be considered in evaluating 
the effectiveness of this material for boll weevil control. 

Bollworm and tobacco budworm (Heliothis virescens 
(F.)) activity appeared greater in the Thimet plots than in 
the untreated check or toxaphene treatment (table 4). A 
partial explanation may be in the attractiveness of the 
luxuriant foliage and delayed maturity associated with 
Thimet seed-treatments of cotton. 

Thimet exhibited a significant advantage in yield at 
only one location, Union County, experiment 1 (table 5). 
A heavy thrips infestation was encountered at this loca- 
tion. However, delayed fruiting still played a role in the 
total yield. When the effects that depressed the yield in 
the untreated plots were removed by applications of 
toxaphene, a significant gain in yield above that resu!ting 
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Table 4.—Boll weevil and bollworm infestation in field 
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Table 5.—Yield of cotton in field tests for control of cotton 
insects. North Carolina, 1955-56. 








Experiment 3.* North Carolina, 1956. 


TREATMENTS? 


Toxaphene, Thimet, Thimet L.S.D. 
4.0 lbs. 0.5 Ib. 1.0 lb. 5% 


Check 
Scotland County 
Per cent squares punctured by weevils 
June 26 14.0 2.8 5.0 4.2 
July 9.5 ; 0.8 0.2 
2.¢ ; e. 1.8 
28.5 , 9.2 2.8 
62.0 : 41. 22.5 
85.0 , 69. 61.8 
Aug. 98.8 3. 85.5 77.5 
Average 42.9 17.7 30.5 24.4 
Adult weevils per 100 squares 
Average 6.2 0.8 2.4 Y.7 
Per cent squares injured by bollworms 
June 26 4.8 3. 10. 21.0 
July : 3.8 Ss. 12. 14.2 
05 0. 0.8 
1.0 0. 0.8 
0.0 hk. 
8 6. 
Aug. 8 5.0 16.: 
2 20.2 
ee" 10.5 12.0 2 
Average 4.0 9 9.0 12.5 
Bollworm larvae per 100 squares 
9 2 1.2 1.3 
Cleveland County 
Per cent squares punctured by weevils 
July 2 5 0.0 2.5 0.5 
5.0 0.5 6.8 1.5 
7.5 0. 1.5 0.8 
23.0 9. 10.2 10.2 
: 44.8 6. 33.2 21.0 
Aug. 40.0 es 28.2 19.2 
Average 20.8 $. 18.7 8.9 
Adult weevils per 100 squares 
1.2 0.1 0.7 0.1 
Per cent squares injured by bollworms 
July ¢ 0.5 0.0 0. 0.8 
0.0 0.5 0. 0.0 
8 UP 0.8 
8 ie 1. 
‘ .0 ; a 5 
Aug. 7 8 2 
13° 0 1 
Average 4 1 
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Average 


Couw wg 


Average 


— 


DM we 
ww Or 


= 


Seo 
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1 


Ww Or 





* Infestation based upon 100 random examinations per replicate. 

b Twenty pounds per acre of 20% toxaphene dust at 5-day intervals, pounds 
per acre of Thimet as seed treatments only. 

* Per cent injured bolls. 

“ Seasonal average of bollworm larvae very low. 


from Thimet treatment was obtained. In experiment 2 a 
heavy spider mite infestation was encountered in Johns- 
ton County. Substantial increases in yield were obtained 
in the Thimet-treated plots (table 5). Thus, the use of 
Thimet appeared profitable when a damaging infestation 
existed which was controlled by Thimet and where the 


Pounps OF SEED Cotton PER AcRE* 


Toxa- Thimet, Thimet, L.S.D. 
County Check phene 0.5 Ib. 1.0 Ib. 5% 


: Experiment 1 
Cleveland First 896 1137 395 136 
Total 17138 1774 55 


Union First 887 1099 
Total 1380 


Scotland First 1106 
Total 1513 


Halifax Total 941 


Experiment 2” 
Union First 1005 1133 sf 813 
Total 1280 1379 1260 


Johnston First 1354 1300 1261 
Total 1549 1459 1706 
Experiment 3° 
Cleveland First 789 542 582 
Total 5 1263 1261 1220 n.s. 


Scotland First 1448 1112 883 288 
Total 1729 1930 1633 1422 n.s. 





® Yield based upon harvest of one-twentieth acre near center of each replicate. 
> Early-season experiments for control of thrips. 
© Experiment on seasonal control of boll weevil and bollworm. 


delayed portion of the crop, associated with Thimet treat- 

ments, was not damaged by late-season insects or adverse 

weather conditions. 
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Effect of lonization upon Penetration of Organophosphates to the 
Nerve Cord of the Cockroach! 


R. D. O'Brien,’ Department of Entomology, University of Wisconsin, Madison 


ABSTRACT 

The penetration in vitro into the nerve cord of the American 
cockroach (Periplaneta americana (L.)) has been studied for 
three organophosphates. TEPP, which is unionized, penetrates 
about as rapidly into the intact as into the excised cord. “Quater- 
narized Tetram”’ (the iodide of (C2H,O)2P(O)SCH2CH2N (C2Hs5)s) 
which is ionized, penetrates the excised cord well, but the intact 
cord extremely poorly; these effects are independent of pH. 
Tetram® (R-6199, oxalic acid salt of (C2H;O)2(PO)SCH.CH2N 
(C2Hs)2) an ionizable compound, penetrates the excised cord 
well and independently of pH, but penetrates the intact cord 
poorly at low pH (when Tetram is ionized) and well at high pH 
(when it is unionized). The results confirm the presence of an 
ion-barrier in the intact cord, and demonstrate the importance 
of avoiding basicity in insecticidal organophosphates. 


There is evidence that several potentially toxic com- 
pounds are without effect upon insects because they fail to 
penetrate the nerve cord (Twarog & Roeder 1957, O’Brien 
& Spencer 1957, O’Brien 1957, O’Brien & Fisher 1958, 
Winton ef al. 1958). In most cases, these compounds are 
ionized, and therefore it is reasonable to postulate an ion- 
impermeable barrier around the nerve cord, which may be 
identical with the potassium-barrier described by Hoyle 
(1953). 

The present paper is an attempt to compare penetra- 
tion of the nerve cord by ionized, unionized, and ionizable 
organophosphates. The principle used was based upon the 
observation that hydroxymethyl! schradan was ineffective 
against the cockroach nerve cord in situ, but a good in- 
hibitor of the ChE of excised cords (O’Brien & Spencer 
1957). Presumably this difference reflects the protective 
effect of some barrier that is disrupted by excision. The 
barrier may be a part of the cord proper, and in the ex- 
cised cords the cut nerves may be the loci of penetration. 
Alternatively, the external sheath described by Richards 
& Schneider (1958) may be the barrier, and would be 
damaged during excision to allow penetration over the 
whole surface of the excised cord. 

In this paper three inhibitors have been studied: 
TEPP (diethylphosphoric anhydride), Tetram® (R-6199, 
oxalic acid salt of (CoH;,O).P(O)SCHsCH.N(C2H;)2) and 
“quaternarized Tetram”™ (the iodide of (C.H;O).P(O) 


SCH.CH.N(C.H;);). The first is unionized, the second is 
ionized under acid and unionized under basic conditions, 
the third is always ionized. These compounds have been 
studied at various pH’s against various nerve cord prepa- 
rations: (a) homogenized; (b) excised; (c) intact, as de- 
scribed below. 

The long range objective of studies such as those re- 
ported here is to investigate the role of ionization in toxic- 
ity, explore its variation with species, and attempt to 
make useful predictions about the permissible limits of 
pk in projected new insecticides. 

Mernops.—The insects used were adult male Ameri- 
ean cockroaches, Periplaneta americana (L.); they were 
inactivated by chilling briefly in a deep-freezer. Excised 


nerve cords were prepared by removal under cold Ringer 
solution of the abdominal and thoracic cord; only those 
with unbroken connectives were used. The Ringer solu- 
tion was as previously described (O’Brien 1957); for the 
inhibitory incubations the pH was adjusted by addition 
of acid or base. 

The inhibitory incubations were carried out in 400-ml, 
beakers containing 100 ml. of Ringer to which the ap- 
propriate concentration of Tetram had been added. The 
beakers were then shaken (excursion 1.5 inches 120 cycles 
per min.) for 1 hour. The materials incubated were (a) for 
the “intact” preparations: six cockroaches whose wings, 
dorsa, and alimentary tracts had been removed. (b) For 
the “excised” preparation: six excised cords plus the re- 
mainder of the six roaches (lacking wings, dorsa, and ali- 
mentary tracts). Six excised cords and remainders were 
incubated in every experiment without inhibitor, as a 
control. At pH’s above 7.5, the beakers were shaken in 
CO.-free air; alkali was added periodically to maintain 
the pH, which was followed with a glass electrode. 

After incubation, the excised cords were washed with 
three portions of 10°-° M acetyl choline in 0.9% NaCl, to 
remove excess inhibitor and halt further inhibition. The 
insects which still contained their cords were washed in 
this solution, immersed in this solution which had been 
chilled, and the nerve cords dissected out. The six cords 
were homogenized in 5 ml. of 0.99% NaCl containing 107° 
M ACh, using an iced Potter-Elvejhem type glass homog- 
enizer. From this, triplicate 1.5-ml. samples were added 
to iced Warburg flasks along with 0.25 ml. of 1.25% 
NaHCO; and water to a volume of 2.5 ml. After gassing 
and equilibration as given below the manometers were 
closed, 0.2 ml. of 1.8% ACh Cl was tipped in, and readings 
commenced. 

In the homogenate studies with nerve cords, groups of 
eight cords were homogenized in 1.63 ml. of the following 
buffer: 250 ml. each of 2.439% tris(hydroxymethyl) 
aminomethane, 3.49% KH.PO, and water, pH adjusted 
with acid or base, and volume made to 1,000 ml. Then 4.87 
ml. of the same buffer was added, the homogenate was 
mixed and the actual pH measured (this differed from the 
pH of the buffer used; thus buffer pH 9.5 plus homogenate 
gave pH 8.9). To each Warburg flask was added 0.5 ml. 
of the appropriate inhibitor, then 1.5 ml. of the buffered 
homogenate. Precisely 60 minutes later further inhibition 
was stopped by adding 0.7 ml. of the following solution: 
t vols. of 2% ACh, 5 vols. of 1.25% NaHCOs and 5 
vols. of water. The flasks were then put on the manom- 
eters, which were placed in the bath (25° C.) gassed with 
5% COr» in Ne (3 min.), equilibrated for temperature (3 

1 Approved by the Director of the Wisconsin Agricultural Experiment Sta- 
tion. This investigation was supported in part by the Research Committee of 
the Graduate School from funds made available by the Wisconsin Alumni 
Research Foundation. Accepted for publication February 26, 1959. 

2 Permanent address: Pesticide Research Institute, Canada Department ol 
Agriculture Research Branch, London, Ontario, Canada, Thanks are due to 
Ray Shenefelt and Miss V. Suvagondha for performing the experiments. ‘Tetram 
and quaternarized Tetram were kindly provided by Dr. L. R. Reed, of Chipman 
Chemical Co., and Dr. H. 8. Hopf, of Imperial Chemical Industries, respec- 
tively, 
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minutes) then closed and readings commenced. Five 
readings were taken, at 10-minute intervals, and results 
used only if linear CO, output was observed. 

ResuLts.— Methodology.—Kewitz & Nachmansohn 
(1957) and Van Asperen (1958) have pointed out the 
possible artefacts arising from homogenizing tissues which 
contain organophosphates: homogenization may bring 
into contact with ChE some inhibitor which was spatially 
separated from it before, and thus one may have an 
erroneously high estimate of the in vivo inhibition. In the 
present study this effect was avoided by homogenizing 
in buffer containing substrate (Van Asperen 1958). Un- 
fortunately, in this procedure one does not know how 
much substrate is still present at the time of measuring 
ChE activity, since some has been consumed by the ChE; 
the knowledge is necessary since ChE has a clear substate 
optimum. Preliminary experiments were therefore used to 
establish empirically if additional ACh should be added 
just before measuring; it was found to be necessary. The 
amount of additional ACh varied with the level present in 
the homogenate. With 6107 M ACh in the diluted 
homogenate, an addition of 0.2 ml. of 1.8% ACh was op- 
timal. 

In the case of homogenates, the first ACh addition was 
required to block further inhibition by the substantial 
amount of Tetram present, and in this case it was con- 
sidered best to add all the ACh at once, in order to be 
assured of adequate protection. Experiments showed that 
with such a single addition, an ACh concentration of 
8.1 10° M gave optimal results. With both of the above 
methods, some error is unavoidable: preparations of high 
ChE content will consume more ACh prior to measure- 
ment, and so will be measured at a lower substrate con- 
centration. This problem is minimal in the technique us- 
ing two ACh additions, when the second addition can be 
arranged to make the major contribution to ACh concen- 
tration; variations in ACh remaining from the first addi- 
tion are then less important. 

The homogenate technique at various pH’s as described 
above, depends upon the fact that the bicarbonate and 
CO, treatments brings all the flasks to a similar pH, even 
though they are initially buffered at different pH’s. Nat- 
urally, this is only approximately true (and becomes less 
true the more strongly they are initially buffered). The 
technique was resorted to because of pipetting difficulties 
when an otherwise more desirable procedure was used: at 
first, concentrated enzyme-inhibitor preparations were 
incubated, and then samples were diluted down for assay, 
thus reducing interfering buffer action. However, the 


Table 1.—Effect of added bicarbonate and subsequent 
gassing upon buffer at various pH’s.* 





pH Arrer NalHiCO, 
InitiaAL pH pH Arrer NaliCO; AND GASSING 
0 
ay 
.20 
2 
.30 


».50 00 
.00 .32 
50 .66 

.. 00 .99 

». 50 3. 40 


~~) -) =) 





“Concentrations of constituents were as in the Warburg flasks. Buffer: 
phosphiate-tris(hydroxymethy])aminomethane as in “Methods.” Measure- 
ments with glass electrode. Final pH ‘“‘after gassing’? taken while passing 
5%-COo-Ne through solution. 
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Fic. 1.—The effect of pH upon per cent cholinesterase inhibition 
(P.C.1.) of cholinesterases of cockroach nerve cord and human 


95° 


red cells. Inhibitor: Tetram pl 7.65, 25° C., 60 min. incubation 


incubated preparations seemed to change physically, so 
that it was hard to duplicate the sampling accurately. 
Fresh enzyme preparations were easily pipetted with 
accuracy; hence the device was used of carrying out in- 
hibition and assay in the same Warburg flask. Table 1 
shows how the initial pH was changed on addition of the 
bicarbonate (for the enzyme was exposed under these 
conditions prior to gassing) and the final pH after gassing. 
These final pH’s which represent the pH’s at which the 
actual ChE measurements were made, vary from 7.05 to 
7.30. But as each inhibited sample was compared with an 
identically treated control, this degree of variation was 
considered permissible. 

Homogenates.—The inhibition of cockroach cord homog- 
enates by Tetram as a function of pH is shown in figure 
1. Results for human erythrocyte cholinesterase are also 
shown. Both behave in the same way. 

The pKa of Tetram was found by titration using 
glass electrode, and determining graphically the inflection 
point of the plot of pH versus volume of titrant. It was 
found to be 8.4. The results of figure 1 therefore suggest 
that the free-base form of Tetram is a poorer inhibitor of 
cholinesterases than the protonated form. However, figure 
1 will also reflect variations in the capacity of the ChE to 
be inhibited, as a result of changes in the ionization of the 
esteratic site (Wilson & Bergmann 1950). 

Homogenized Versus Excised Nerve Cords.—A compari- 
son was made of the effectiveness of the three inhibitors 
against homogenized as compared with excised cords at a 
fixed pH. The results (fig. 2) show that: (a) with excised 
cords, cholinesterase inhibition varies with inhibitor con- 
centration in a regular way, so that inhibition does give 
an index of the amount of effective inhibitor present. 
This fact is utilized later in this paper; (b) as expected, 
the cholinesterase in excised cords is less sensitive than in 
homogenates. This protective effect is somewhat more 
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Effect of inhibitors upon homogenized and excised 
nerve cords at fixed pH. 


Fic. 2. 


pronounced for Tetram and its quaternary analogue than 
for TEPP but is of the same order of magnitude for all 
three compounds. Therefore ionization is not of extreme 
importance in governing penetration into the excised 


cord. 

Excised Versus Intact Nerve Cords. 
now made of the inhibitors against excised as compared 
with intact cords, using a fixed inhibitor level but varying 
the pH. With TEPP (fig. 3) little difference was seen with 
either preparation, nor was pH of much importance. Since 
with soluble preparations, pH has an important effect 
upon inhibition by TEPP (Wilson & Bergmann 1950) the 
observation implies that modifying the external pH has 
little effect upon the pH at the enzyme site. Clearly any 
barrier present around the intact cord has negligible effect 
upon TEPP penetration. 

With quaternarized Tetram (fig. 4) there was an ex- 
treme difference between the intact and excised prepara- 
tions, and this difference was almost independent of pH. 
From the results on excised cords in figure 2 one may cal- 
culate approximately that the 25% inhibition observed in 
the intact cords implies that the effective concentration 
of inhibitor inside the barrier was about 3X 10~§ M. The 
external level was 10~* M. Thus only 3% of the external 
level was achieved internally. The barrier is therefore very 
effective, yet is not completely exclusive. Furthermore its 
effectiveness does not vary within the pH range 5-8. 

With Tetram (fig. 5), a very clear pH dependence of in- 
hibition is seen with the intact cord, but very little with 
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Fig. 3.—Effect of pH upon per cent cholinesterase inhibition 
(P.C.I.) produced by TEPP in intact and excised nerve cords. 
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Fic. 4.—Effect of pH upon per cent cholinesterase inhibition 
(P.C.1.) produced by quaternarized Tetram in intact and excised 
nerve cords, 


the excised. From the data at high pH, it seems that even 
the unionized form penetrates poorly. Using figure 2 one 
may calculate that at pH 9 the internal level is about 
10% of the external. But at low pH, the effect is much 
more marked: at pH 5.5 the internal level isabout 107° M, 
or 0.8% of the external. These calculations are suff- 
ciently crude that this figure of 0.3% may perhaps not be 
significantly different from the 3% figure reported for the 
quaternary analogue. For example, in figure 5, 3X 10~* M 
Tetram gave about 95% inhibition of excised cord en- 
zyme, whereas in figure 2, this level gave about 80%. 
The data so far reported suggest qualitatively that the 
ionized form of Tetram (at low pH) penetrates less read- 
ily than the unionized form (at high pH). The quantita- 
tive aspects are less satisfactory. The pH of Tetram is 8.4. 
Thus between pH 7 and 9 there is maximal variation in 


TETRAM 3x10 °M 
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Fic. 5.—Effect of pH upon per cent cholinesterase inhibition 
(P.C.1.) produced by Tetram in intact and excised nerve cords. 
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Fic. 6.—Variation with pH of per cent of Tetram which is 
unionized, and of the molar level of Tetram inside the intact 
nerve cord (calculated from data of figure 5). 


the extent of ionization, and between 5.5 and 7 this varia- 
tion is slight. Yet figure 5 shows that variation in inhibi- 
tion is maximal between 5.5 and 7, and small between 7 
and 9. 

Figure 6 shows (a) a graph calculated from a pKa of 
8.4 showing the per cent of Tetram unionized at any given 
pH. (b) A graph calculated from the data of figure 5 (on 
the basis of results in figure 4 for Tetram versus excised 
cords) showing the variation in internal level of Tetram 
asa function of pH. The calculations are made from points 
read off the smooth curve, not from the actual experi- 
mental points. By “internal level” is meant the concen- 
tration within the hypothetical barrier. 

The results are less disturbing when transformed in this 
way, but still unsatisfactory, particularly in the variation 
of internal level between pH 5.5 and 6.5, which is unac- 
companied by any important variation in the percentage 
of ionization. If one subtracts the numerical values of the 
“per cent ionization” curve from those of the “internal 
level” curve of figure 5, a curve is obtained showing a 
distinct optimum at pH 7.5. This qualitative picture of 
the interfering factor shows that at pH 7.5 there is maxi- 
mal departure from prediction. 

Toxicity —Table 2 shows LDso’s (by injection) to the 
cockroach, house fly, (Musca domestica L.), mouse, and 
rabbit. It is clear that Tetram is much less toxic to the in- 
sect than to the mammal. The quaternary analogue is 
more toxic than Tetram to the mouse, but much less toxic 
to the insect. These striking data are not attributable toa 
low activity against insect cholinesterase, as shown by 
the pl 50 values given in table 2. Since the compounds 
were injected, the factor of integumental penetration has 
heen avoided. It seems clear that ionization greatly re- 
duces toxicity to the insect, but not to the mouse. 

Discussion.—The results of figure 1 shows for the first 
time that cockroach cord cholinesterase has an anionic 
site, precisely as mammalian true cholinesterase. 

In an earlier work (O’Brien & Fisher 1958) it was felt 
to be a “disturbing anomaly” that Tetram was appreci- 


Table 2.—Toxicity and anticholinesterase activity of 
Tetram and quaternarized Tetram. 








QUATERNAR- 
TrerRaAM~ 1zED TeTRAM 
LDs5o (v/g.) House fly ca. 1000 > 1000° 
Cockroach 93 400 
Mouse 
female 0.42 0.17 
intraperitoneal 
Rabbit? (intravenous) 
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pls0: negative log of molar concentration to inhibit enzyme 50%. (determined 
at 25° C., 90 min. incubation, pH 7.2 with homogenctes). 

® 40-50% kill at 500, 750 and 1000 y/gm. 

> 20% kill at 1000 y/gm., 0% at 75007/gm. and below. 

© Date of Koelle (1957). 


ably toxic to insects, since it was then believed that its 
pKa would be about 10.8 (Spencer & O’Brien 1957) and 
it would be effectively fully ionized in the insect. How- 
ever, studies by Tammelin (1957) on related compounds 
suggested a pKa of about 8 for Tetram, and actual meas- 
urement gave a figure of 8.4. It was therefore apparent that 
at least a small percentage would be unionized at physio- 
logical pH, and that this might account for the limited in- 
secticidal action. 

The results in this paper show that Tetram has an ex- 
tremely low toxicity to insects, in spite of being an ex- 
cellent inhibitor of insect cholinesterase in vitro; and that 
this low toxicity can be reliably attributed to its poor 
penetration of the nerve cord. Its quaternary analogue is 
even less toxic (although an even better anti-cholines- 
terase) due to its still poorer penetration power. Pene- 
tration appears to be governed by charge, so that the 
unionized species of Tetram penetrates more readily than 
the ionized. 

Boon (1957) claimed good control of eight mites and 
eight scales by Tetram—but a 400 p.p.m. solution was 
needed for scales. Pea aphids (Macrosiphum pisi (Harr.)) 
are also susceptible (Ghosh & Newman 1955). Presum- 
ably these arthropods do not have an efficient ion-barrier, 
or else some other target than nerve-cord cholinesterase is 
attacked. The former hypothesis has been examined 
(O’Brien & Fisher 1958) but no evidence obtained for it. 

We may conclude from this and a preceding study 
(O’Brien & Fisher 1958) that the introduction of an 
ionized or readily ionizable group into an anticholines- 
terase will make the compound a selective mammalicide. 
However, some arthropods (mites, aphids) may be suscep- 
tible. If other pests than these are to be poisoned, it is de- 
sirable to avoid ionizable compounds, unless the pKa is 
low in the case of bases (e.g., below 7) or high in the case 
of acids (e.g., above 7). 
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Insecticidal Control of Insects Infesting Broccoli and Cabbage! 


Auuen L. Srernnaver, L. P. Ditman, and R. C. Witey, Maryland Agricultural Experiment Station, College Park 


ABSTRACT 


Numerous insecticides were tested for effectiveness of control 
of the cabbage looper, Trichoplusia ni (Hbn.); the imported 
cabbageworm, Pieris rapae (L.); and the cabbage aphid, Brevi- 
coryne brassicae (L.), on broccoli and cabbage. The insecticides 
were applied as sprays, either alone or in combination, at weekly 
intervals. The most promising materials against all three pests 
were dimethoate and malathion (2 qt.) alone or in combination 
with Perthane® (1,1-dichloro-2,2-bis(p-ethylphenyl) ethane) or 
toxaphene. Perthane-Diazinon® (0,0-diethyl O-(2-isopropyl-4- 
methyl-6-pyrimidinyl) phosphorothioate), Dibrom® (0,0-Di- 
methyl-O-(1,2-dibromo-2,2-dichloroethyl) phosphate), Thiodan® 
(6,7,8,9, 10, 10-hexachloro- 1,5,5a,6,9,9a-hexahydro-6,9-methano- 
2,4,3-benzodioxathiepin-3-oxide), and Trithion® (S-(p-chloro- 


Observations were made on the effectiveness and possi- 
ble phytotoxic effects of several insecticides and combina- 
tions thereof, some at twice the dosage normally recom- 
mended, against insects attacking broccoli and cabbage. 
The insects against which control was primarily directed 
were the cabbage looper, Trichoplusia ni (Hbn.); the im- 
ported cabbageworm, Pieris rapae (L.); and the cabbage 
aphid, Brevicoryne brassicae (L.). 

MareriALts AND Metuops.— Broccoli was transplanted 
on July 31, 1958, into 64 two-row plots, each row 30 feet 
long, with 3 feet between rows. Plots were separated by a 
6-foot gap. Sixteen treatments, including 2 checks, were 
randomized in 4 replicates. The insecticides used are 
listed in table 1 with the rate of actual material applied 
per acre at each treatment date. Insecticides were applied 
as a spray, using the desired amount of emulsifiable con- 
centrate in 25 gallons of water per acre on the first treat- 
ment date, and in 50 gallons on all succeeding treatment 
dates. Sprays were applied with an improved boom 
(Burkhardt & Ditman 1956) using five nozzles per row at 
150 p.s.i. pressure. All plots were treated on August 12, 


phenylthio)methyl 0,0-diethyl phosphorodithioate)-Perthane 
also gave good protection to broccoli. Guthion® (0,0-di- 
methyl S-(4-oxo-3H-1,2,3-benzotriazine-3-methyl) phosphorodi- 
thioate), Delnav® (2,3-p-dioxanedithiol-S,S-bis (O,0-diethy! 
phosphorodithioate), Kepone® (1,2,3,5,6,7,8,9, 10, 10-Decachloro- 
tetracyclo (5.2.1.0?:*,0%.9.05.8) decan-4-one) and Kepone-mala- 
thion did not control aphid satisfactorily. Am. Cyanamid 18706 
(0,0-dimethyl S-(N-ethylearbamoylmethyl) phosphorodithio- 
ate), Delnav, phosphamidon, and malathion (1 qt.) were not 
effective against the cabbage looper. All insecticides showed 
some burning of broccoli in mid-September. However, all traces 
of phytotoxicity disappeared by harvest time. 


19, 26, September 2, 9, 16, 24, October 2, 10, and 17. 

On September 15, all plants were examined for presence 
of insects and for any possible damage that might be 
attributable to the phytotoxic nature of the insecticides. 
On the same day the number of plants infested with the 
cabbage looper and/or the cabbageworm was recorded 
(table 1). At this observation date, no heads were formed 
on broccoli and no aphids were observed. Broccoli heads 
were harvested weekly from September 30 to October 28. 
Infestation of harvested heads is recorded in table 2. On 
October 8, plants were rated as to the extent of foliar dam- 
age and classified into three categories, clean, light injury, 
and heavy injury (table 2). Head samples were taken 
from three replicates on October 7 for flavor evaluation. 
Floret samples were taken from all replicates for flavor 
evaluation on October 30. 

Cabbage was transplanted on July 25 into 28 two-row 
plots with the same specifications as the broccoli plots. 


1 Scientific Article Number A750, Contribution Number 3007 of the Mary- 
land Agricultural Experiment Station, Department of Entomology. Accepted 
for publication February 26, 1959. 
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Table 1.—Insect infestation records on broccoli (Sep- 
tember 15, 1958). 








Per CENT or 
PLants INFESTED 
WITH 
PouNnpbs - Toran 
Quakts/ ActuaL Cabbage Cabbage Inrest- 
TREATMENT peERGAL. Looper Worm ep (%) 


. Perthane 4 0 0 0 
+malathion 4 


. Perthane _ 4 
+malathion 4 


3. Malathion 


. Toxaphene 
+malathion 


. Perthane 
+ Diazinon 


;, Dibrom 

. Cheek 

. Thiodan 

. Dimethoate 

. Am. Cyanamid 18706 


. Trithion 
+Perthane 


. Guthion 
. Delnav 
. Check 
5. Kepone 


6. Kepone ' 
+malathion 





Seven treatments, including a check, were randomized 
in four replicates. With the same equipment as used for 
broccoli the first three applications of all insecticides 
(table 3) were made in 25 gallons of water per acre, suc- 
ceeding applications in 50 gallons of water per acre. Treat- 
ment number 7 was applied for the first two applications, 
and then not at application number 8, but again on all 
following dates. Cabbage plots were sprayed on July 29, 
August 5, 12, 19, 27, September 3, and 10. 

On August 26, infestation records were taken from all 
plots. The number of plants infested with cabbage looper 
and/or imported cabbageworm was recorded (table 3). 
No aphids were present at this time. Cabbage was har- 
vested on September 17 and 26. The heads were rated for 
injury and a record of the number of cabbage loopers and 
cabbageworms found was taken (table 4). Only two plants 
infested with aphids were observed at harvest, both in the 
check plots, and are therefore not listed in the tables. 

Discussion oF Resutts.—Table 1 shows that all but 
two treatments used gave excellent control of both cab- 
bage looper and cabbageworm on broccoli. Am. Cyanamid 
18706 (O,0-dimethyl S-(N-ethylearbamoylmethy!) phos- 
phorodithioate) and Delnav® (2,3-p-dioxanedithiol 
S,bisS(0,0-diethyl phosphorodithioate)) were distinctly 
inferior to all other treatments in the control of the cab- 
bage looper. As recorded in table 2, severe foliage feeding 
in plots treated with these two insecticides was caused 
primarily by cabbage looper. All other treatments show 
excellent reduction in foliar injury in comparison with the 
check plots. As to insects in the heads at harvest, all treat- 
ments were effective against the cabbage looper and the 


cabbageworm. Guthion® (0,0-dimethyl-S-(4-oxo-3H- 


STEINHAUER ET AL.: CONTROL OF INSECTS ON BROCCOLI AND CABBAGE 


1,2,3-benzotriazine-3-methyl)phosphorodithioate) — Del- 
nav, Kepone® (1,2,3,5,6,7,8,9,10,10-Decachlorotetracyclo 
[5.2.1.0?-®-.033-9.05-8] decan-4-one) and Kepone-malathion 
were not much better than the checks in degree of aphid 
infestation. All other treatments considerably reduced 
aphid populations. However, only dimethoate (0,0-di- 
methyl S-(N-methylearbamoylmethyl) phosphorodithio- 
ate) and Am. Cyanamid 18706 produced heads completely 
free of aphids. All treatments showed evidence of insecti- 
cidal burning on September 15. The Kepone-malathion 
and Delnav treatments showed the most serious burning 
on leaves. Malathion at the 2-quart rate showed some- 
what less burning, but still more than the remainder of 
the treatments. Plots treated with dimethoate and Thio- 
dan® (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro- 
6,9-methano-2,4,3-benzodioxathiepin-3-oxide) appeared 
most vigorous at this time. With cooler and more moist 
weather during the latter half of September, all evidence 
of burning disappeared, and no phytotoxic effects from 
any treatments were apparent by September 30. 

All treatments that included malathion gave reasonably 
good aphid control, except malathion in combination with 
Kepone. This might possibly indicate some incompatibil- 
ity between these two insecticides. However, the treat- 
ment completely controlled both loopers and cabbage- 
worms. 

Yield records on the broccoli plots showed no differences 
between the treatments. Flavor evaluation tests showed 
no significant differences between the treatments. No 
insecticidal off-flavors were detected. 

On cabbage, the results in table 2 show that Am. 
Cyanamid 12880 (treatment No. 1) gave the best control 
of cabbage looper and imported cabbageworm. Malathion 
at the 2-quart rate was less effective against cabbageworm 
than it was against the looper. However, both these treat- 
ments gave considerable reduction in infestation in com- 
parison with the check. Dimethoate (treatment No. 7) 
was poorer than treatment No. 1, possibly because of the 
omission of one application 2 weeks prior to these counts. 
In table 4 both treatments with dimethoate gave the 
highest percentage of clean heads and the least number of 
‘abbage looper per head. Malathion at the 2-quart rate 
was next in effectiveness, still considerably better than 
the check. All treatments gave effective control of the 
cabbageworm. No evidence was given of insecticidal 
phytotoxicity of any of the treatments on cabbage at any 
time during the experiment. Cabbage vields were quite 
similar in all treatments and checks and are therefore not 
listed. 

In viewing the results on both broccoli and cabbage. 
it is immediately apparent that dimethoate shows great 
promise in the control of the cabbage looper, imported 
cabbageworm, and cabbage aphid. Next in effective- 
ness against all three pests are the treatments utilizing 
malathion at the 2-quart rate either alone or in com- 
bination with Perthane® [1,1-dichloro-2,2-bis(p-ethyl- 
phenyl)ethane] or toxaphene. Malathion at this rate 
shows a tendency to burn broccoli, but under conditions 
prevalent during the 1958 season no serious phytotoxic 
effect resulted. Malathion at the l-quart rate gave good 
results against all three pests when in combination with 
Perthane, but with Kepone its effectiveness was greatly 
reduced against the cabbage aphid. Malathion at 1 quart 
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Table 2.—Plant injury (October 8, 1958) and degree of infestation of broccoli heads at harvest (September 30-Octo! 





28, 1958). 


None Light 


TREATMENT Quarts/A. 


. Perthane l 94.2 4.1 
+malathion l 


. Perthane 
+malathion 


. Malathion 


ran 
. Toxaphene 
+malathion 


5. Perthane 
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. Thiodan 
Dimethoate 
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. Trithion 
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2. Guthion 
3. Delnav 
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Aphid 


Worm 
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Looper 


Heavy 


WP 96.2 0 0 


93.8 





Table 3.—Insect infestation records on cabbage (August 
26, 1958). 


Table 4.—Plant injury and degree of infestation of cab- 
bage at harvest (September 17-26, 1958). 





Pounps Per Cent PLants wita TotaL 
Quarts AcTUAL INFEST- 
nN i 


TREATMENT A. GAL. Worm®* Ep®* (%) 


Looper* 
1. Dimethoate $ 55 65 
2. Phosphamidon 4 28.06 82 
8. Malathion 11.57 13.22 
4. Check 31.70 34.40 
5. Malathion 4.65 9.30 
6. Am. Cyanamid 18706 26.27 26.27 
7. Dimethoate> 16.03 12.98 


Per Cent Heaps with INsury No. per Heap 
QuaRTs 
A. None Heavy Loopers Worms 


TREATMENT Light 


1. Dimethoate Fr 19.7 0.0 0.06 0.0 
2. Phosphamidon 32.6 63. 4.4 , 05 
3. Malathion 50. 0.9 .s 01 
4. Check 82. 67.8 9 1.27 
5. Malathion E 31. 0.8 iM 01 
6. Am. Cyanamid 18706 .f 67.§ 


31.3 87 0 
7. Dimethoate 3.2 16.5 0.0 08 02 





® Counts made 1 week after application (2 weeks in case of Treatment 7). 
> Applied for first 2 weeks—then skipped 1 week and applied every week 


thereafter. 


did not give satisfactory looper control on cabbage. 
Perthane-Diazinon®, (0,0-diethyl O-(2-isopropyl-4- 
methyi-6-pyrimidinyl)phosphorothioate) Trithion® [S- 
(p-chlorophenylthio)methyl 0,O-diethyl phosphorodi- 
thioate|-Perthane, Dibrom® [0,0-Dimethyl]-O-(1,2-di- 
bromo-2,2-dichloroethyl) phosphate), and Thiodan gave 
good protection on broccoli. Am. Cyanamid 18706 was 
excellent against aphid and cabbageworm, but ineffective 


against looper at the concentration used. Guthion and 
Kepone were satisfactory against looper and cabbage- 
worm, but ineffective against cabbage aphid. Delnav gave 
good control of only the cabbageworm and was greatly 
inferior in controlling looper and aphid. Phosphamidon 
was also ineffective against the cabbage looper. 


REFERENCE CITED 


Burkhardt, G. J., and L. P. Ditman. 1956. Improved spray 
boom for row crops. Univ. Maryland Agric. Expt. 


Sta. Misc. Publ. 269. 8 pages. 
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Arthropod Fauna Found During the First-Season Trial of a Selective 
Spray Schedule in a New Jersey Apple Orchard! 


H. A. Tuomas,? H. B. Specut, and B. F. Drigcrers, Department of Entomology, Rutgers University, 
New Brunswick, New Jersey 


ABSTRACT 

The insect and mite populations in two neighboring blocks 
of apple trees in a southern New Jersey orchard were studied 
to determine the nature of the populations where a ryania- 
glyodin spray program was used to eliminate certain complica- 
tions associated with chlorinated hydrocarbon insecticides. 

Records of spider mite numbers and collections of predaceous 
arthropods were taken at weekly intervals. At the end of the 
season injury to the fruit from codling moth (Carpocapsa pomo- 
nella (L.)) and plum curculio (Conotrachelus nenuphar (Hbst.)) 
was determined. 

The data indicated that a glyodin-ryania schedule can provide 
acceptable codling-moth control together with satisfactory con- 
trol of phytophagous mites. 


The insecticide ryania when used in protection sprays 
for apples has been shown to provide satisfactory control 
of the codling moth, Carpocapsa pomonella (L.), without 
serious outbreaks of phytophagous mites (Hamilton & 
Cleveland 1957). Ryania sprays containing the fungicide 
glyodin appear to suppress phytophagous mite popula- 
tions (Clancy & McAlister 1956). Ryania-glyodin spray 
combinations are thought to be sufficiently selective that 
certain natural enemies of the European red mite, Pano- 
nychus ulmi (Koch), and the two-spotted spider mite, 
Tetranychus telarius (L.), are not eliminated. This sup- 
position is in contrast to the studies which have shown 
that many spray chemicals, particularly DDT, are detri- 
mental to important predator species. (Pickett & Patter- 
son 1953, Clancy & Pollard 1952.) 

The following information has been obtained from a 
study of the fauna in a southern New Jersey apple orchard 
where a ryania-glyodin spray program was followed dur- 
ing the growing season of 1957. The 30-year-old trees used 
for testing were Stayman and McIntosh varieties, situ- 
ated in a l-acre block (block A) and a nearby 8-acre block 
(block B). Block B was bordered by woods on one end, 
by a highway on the other end, and by tomato and corn 
fields on the sides. Block A was surrounded by a woodlot 
on three sides and by a tomato field on the remaining side. 

Spray ScnuEDULE.—AII sprays were applied by the 
grower with a John Bean speed-sprayer. Glyodin was ap- 
plied to block A throughout the season and in block B 
until the second spray following the petal-fall spray, 
May 24, at which time captan was applied and continued 
in three subsequent sprays. Glyodin was applied in this 
block again in the last two sprays in July. 

Demeton, } pint per 100 gallons, was used in the pink- 
stage spray in both blocks. Both blocks received lead 
arsenate, 25 pounds per 100 gallons, in the petal-fall- 
stage spray and the two following sprays at 10-day inter- 
vals. Rvania, 5 pounds per 100 gallons, was applied to 
both blocks beginning with the last spray containing lead 
arsenate and continuing at 10-day intervals in all the 
cover sprays. 

SAMPLING ProcepuRE.—At weekly intervals, 20 leaves 


Table 1.—Arthropods found in Blocks A and B on Staymen 
and McIntosh receiving ryania schedule. 
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were collected from each of five trees in each end of the 
blocks; 10 leaves from foliage around the inside of the 
skirt of the tree; and 10 leaves from the outside of the tree. 
The leaves were taken to the laboratory and the mite 
populations were determined with a leaf-brushing ma- 
chine (Henderson & McBurnie 1943). 

The predator populations in the experimental blocks 
were also sampled on a weekly basis. The principal pre- 
dacious arthropods, which were noted and recorded in 
weekly collections, were: mites of the genera T'yphlodro- 
mus and Mediolata, the coccinellid Stethorus punctum 
(Lec.), the anthocorid Orius insidiosus (Say), Haplothrips 


faurei (Hood), Leptothrips mali (Fitch), and Chrysopa 


aurata. In addition, the mirids Hyaloides harti (Knight) 
and Phytocorus sp. were noted occasionally, although 
these were encountered in very minor numbers. 

Samples for estimating the predator population were 
collected according to the technique developed by Pickett 
and his coworkers. This method consists of tapping with 
a light stick a number of peripheral limbs of the trees over 
a tray of standard size and removing the fallen arthropods 
by an aspirator (Lord 1949). The specimens were re- 
moved in vials of alcohol for examination in the labora- 
tory. The predatory mites were collected at the time of 
Jeaf examination for phytophagous mites. 

Table 1 shows a comparison of the arthropods found on 
the two blocks of trees during the summer of 1957. 

Resutts.—European red mites were the only phytoph- 
agous mites found in appreciable numbers. ‘Two- 
spotted spider mites were found occasionally, but their 
numbers did not increase in the orchards during the sea- 
son, although they became quite numerous on the corn 
and tomatoes surrounding the orchards. The numbers of 


1 Paper of the Journal Series, New Jersey Agricultura] Experiment Station, 
Rutgers-State University of New Jersey, Department of Entomology, New 
Brunswick. Accepted for publication March 2, 1959. 

2 Present address, Texas College of Arts and Industries, Weslaco, Texas. 
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Table 2.—-Important insect predators of European red mite recorded from trees on glyodin-ryania schedule in 1957. 








Thrips spp. 
Stethorus punctum 
Chrysopa aurata 
Orius insidiosus 


Totals 
Thrips spp. 
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6 15 g 2 3 10 


Block A 
36 26 
81 58 
39 128 
2 8 


158 220 

Block B 
17 35 
38 90 f 85 
$7 39 q 15 
0 
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European red mites showed some early spasmodic in- 
creases in localized areas, apparently because of differ- 
ences in the initial mortality from demeton. The increase 
and population peak of European red mites occurred on 
the trees in block A before the increase and peak on the 
trees in block B. None of the McIntosh trees developed 
mite-bronzing, but a few Stayman trees became slightly 
to moderately bronzed in both blocks. The first European 
red mite winter eggs were found on August 29. 

The predatory mites Mediolata spp. and Typhlodromus 
spp. were scarce throughout the early and middle part of 
the season and apparently contributed very little to the 
control of the phytophagus mites during that time (table 
1). Their populations increased toward the end of the sea- 
son when they became the principal agents of red-mite 
control. 

Table 2 shows the numbers of the major insect preda- 
tors found during the season. Among the predatory in- 
sects, Chrysopa aurata and Stethorus punctum were impor- 
tant contributing factors in bringing the phytophagous 
mites under control (table 2) when the mites were present 
in “outbreak” numbers. Populations of predatory insects 
did not begin to increase until after European red mites 
had built up to a number greater than 10 per leaf. The 
initial rapid increase of the insect predators was due 
partially to migrations to the trees from the surrounding 
environment. 

On the basis of hand examination of the fruit prior to 
harvest, codling moth had injured 1.8% of block A fruit 
and 2.8% of block B fruit in the 8-acre block. Injury was 
limited to small pin-point stings. 

More apples were injured by the plum curculio, Cono- 
trachelus nenuphar (Hbst.), than by all other insects in 
both orchards, injury being greatest in block A, which 
was surrounded on three sides by woods. Curculio-injured 
fruit amounted to 4% in block B, 9% in block A. The 
red-banded leaf roller, Agyrotaenia valutinana (Wlkr.), 
caused an equal amount of injury to the fruit in both 
blocks, amounting to slightly over 2%. 

The number of apples injured by fruit worms and scab 
was negligible, and very little foliage injury was found 
attributable to leaf-feeding insects. 


From the above data, indications are that a glyodin- 
ryania schedule can provide acceptable codling-moth con- 
trol on apples accompanied by satisfactory control of 
phytophagous mites. The observations show that a num- 
ber of predaceous arthropods known to reduce mite popu- 
lations appear within one season following the discontinu- 
ation of DDT sprays. 

In contrast to the findings of Clancy & Pollard (1952), 
Typhlodromus spp. mites were not found by the present 
authors to be notably effective predators on large popula- 
tions of European red mites. For the first year following 
DDT application at least, their effect on the phytopha- 
gous mite population appeared negligible. 

Two commercial blocks of apple orchards were sprayed 
with chemicals known to be selective in their insecticidal 
activity. No further acaricides were required following a 
pink-stage spray of demeton, owing to the action of var- 
ious biological control agents. Most of the fruit- and foli- 
age-feeding insects were controlled with sprays of lead 
arsenate and ryania. Severe infestations of plum curculio 
were not adequately controlled with the chemicals used in 
these experiments. 
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Control of the Sugarcane Borer with Insecticides! 


W. H. Lone,? E. J. Concienne,? 8S. D. Henstey,? W. J. McCormick,’ and L. D. Newsom? 


2 


ABSTRACT 


In tests conducted in Louisiana in 1956, 1957, and 1958, good 
control of the sugarcane borer, Diatraea saccharalis (F.), was 
obtained from four biweekly applications of 2% endrin on 30-60 
mesh RVM-AA attapulgite granules broadcast over cane fields 
at the approximate rate of 12 pounds per acre per application. 
Dust formulations of endrin were not always effective. There was 
no appreciable difference between the control obtained or yield 
increases resulting from eight weekly or four biweekly applica- 
tions of endrin granules. 

While some insect control and yield response usually followed 
treatment with 40% ryania dust, this insecticide was inferior to 


The sugarcane borer, Diatraea saccharalis (F.), has 
been the most serious and destructive insect attacking 
sugarcane in Louisiana for many years. Present estimates 
indicate that cane growers of the State have suffered an 
average annual loss to the sugarcane borer amounting to 
about 13% of their sugar yields since 1937. 

Sodium fluosilicate, cryolite, and ryania dusts have 
been recommended and used successively for cane borer 
control in Louisiana since the early 1920’s. A dust con- 
taining 40% ryania applied at weekly intervals was used 
almost exclusively by growers for control of the borer for 
several years prior to 1958. 

A summary of results from more than 20 field tests con- 
ducted by Dugas et al. (1947-1955) indicates that four 
weekly applications of ryania dust for control of second 
generation borers gave 48+15% (95% confidence inter- 
val) control based upon the percentage of joints bored at 
harvest. This degree of control gave an average yield in- 
crease of 1018+686 pounds of sugar per acre. In other 
tests eight weekly applications of ryania dust for control 
of both second and third generation borers showed 68 
+11% control with an average yield increase of 1433 
+606 pounds of sugar per acre. 

Dugas et al. (1952) were first to try endrin for sugar- 
cane borer control in Louisiana. In 1951 they obtained 
49% control of sugarcane borers in a field test using an 
experimental formulation of endrin dust as compared 
with 97% control from comparable ryania treatments. 

In 1955 Dugas et al. (1956) showed 50 and 56% control 
of borers at harvest from four and eight applications of 
2% endrin dust, respectively. They found accompanying 
yield increases of 1004 and 1674 pounds of sugar per acre, 
respectively. In the same test four and eight applications 
of 40% ryania dust gave 23 and 45% control with esti- 
mated yield increases of 403 and 1,181 pounds of sugar 
per acre, respectively. In spite of these results they con- 
cluded that “there is no place for organics in the cane area 
as a whole, because of their toxicity to the natural ene- 
mies of the borer.” 

In the presence of accumulated data which indicated 
that some borer control accompanied by surprisingly 
large increases in crop yields could be obtained by using 
from four to eight applications of 40% ryania dust, most 
growers did not take full advantage of recommended 


endrin for controlling the sugarcane borer. An experimental 
granulated formulation containing 40% ryania gave no better 
control than the commercial preparation of 40% rvania dust. 

A granulated Thiodan® (6,7,8,9, 10, 10-hexachloro-1,5,5a,6,9,9a- 
hexahydro-6,9-methano-2,4,3-benzodioxathiepin-3-oxide) formu- 
lation was the only insecticide among several tested which gave 
borer control comparable to that resulting from endrin treat- 


ments. 
Treatment with DDT resulted in increased losses caused by 
the sugarcane borer. 


chemical control practices. Those who did use ryania or 
cryolite usually made four weekly insecticide applications 
for control of second generatioz borers, and often supple- 
mented these insecticide applications with releases of 
Trichogramma egg parasites. 

Endrin was first recommended for control of the sugar- 
‘ane borer in Louisiana in 1958 (Long e! al., 1958). Field 
tests conducted since 1955 with endrin and other insecti- 
cides are considered in this paper. 

Metuops or Procepure.—Insecticides were applied 
by airplane to large-plot tests since aerial application is 
the most common and often the only practical or possible 
means of applying chemicals to large acreages of sugar- 
cane. In a small-plot test insecticides were applied from a 
quart-size glass fruit jar equipped with a metal top in 
which several holes were punched. The jar was inverted 
and fastened at an angle to one end of a long pole so that 
granulated insecticides could be sprinkled over the row 
from above the tops of tall cane while the worker walked 
in the middle between rows. 

Attempts were always made to apply all of the insecti- 
cide formulations used at the uniform rate of 12 pounds 
per acre per application. The actual rate of application on 
a few large plots differed appreciably from that intended. 

Airplane-treated plots ranged from 1.6 to more than 10 
acres, their size and shape commonly being determined 
by the size, shape, and number of cuts comprising the 
field to be treated. In the small-plot test, plots were three 
rows wide and 24 feet long (1/100 acre). 

The direct effects of treatments upon borer populations 
were estimated by determining the percentage of joints 
or internodes having external signs of borer tunneling at 
the time of harvest. 

Yields from large plots were estimated by weighing 
machine-cut cane from 300 row-feet, or by hand-cutting 
and weighing several 1/1000-acre samples from each plot. 
Weights were always taken from areas approximately 
equidistant from the sides of the plots and not closer than 
50 feet from the nearest headland. Weights were obtained 
in small plots by hand cutting and weighing all of the cane 
in each plot. 

1 Accepted for publication March 6, 1959. 


2 Louisiana Agricultural Experiment Station, Baton Rouge, La. 
3 Agricultural Research Service, U. S. Department of Agriculture. 
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Table 1.—Summary of results from large-plot insecticide 
experiment conducted on the Bubenzer Farm near Bunkie, 
Louisiana, during 1956." 





Yre_tp INCREASE PER ACRE 


Per Centr 
JOINTS 
Borep 


Pounds of 
Sugar 


Tons of 
‘TREATMENTS? Cane 
1085 

998 
1847 
2050 
2429° 
1179 


Ryania 40% dust 20 
Toxaphene 20% dust 14 
Endrin 2% dust 2 
Endrin 2% granules l 
Untreated 

Tukey's D* 22 


wa 
a= SS & 0 





® Sugarcane varieties C.P.36-13 and C.P.36-105, plant cane. Figures are 


averages of 4 replications. 
b Eight applications of each insecticide were made at weekly intervals. 
© Actual yields for untreated plots. 
4 Pifferences required for significance at the 5% level. 


Juice analyses for sucrose and brix content were made 
on the juice from 10 to 30 stalks selected at random from 
each plot. 

A complete block experimental design was employed 
in all of these field experiments with treatments assigned 
at random to each block. 
bk Resuvts.—1956 Test.—Eight applications of each insec- 
ticide listed in table 1 were made by airplane at weekly 
intervals to large plots of sugarcane located near Bunkie, 
Louisiana. 

Bored joint counts made at harvest show that endrin 
dust or granules gave almost complete control. Toxaphene 
and ryania treatments gave 78 and 69% control, respec- 
tively. The difference between each treatment and the 
check was greater than that required for significance at 
the 5% level. 

Treatment with endrin dust or granules resulted in 
yield increases of more than 6 tons of cane and approxi- 
mately 1 ton of sugar per acre. The differences in yields 
of sugar per acre between plots treated with endrin and 
plots which received no insecticide treatment were greater 
than the amount required for significance at the 5% level. 


Table 2.—Summary of results from large-plot insecticide 
experiment conducted on the Island Planting Company Farm 
near Bunkie, Louisiana, during 1957.* 





YIELD INCREASE OR 
PER DECREASE PER ACRE 
CENT - 

JOINTS 
BorepD 


Pounds of 
Sugar 


Tons of 
TREATMENTS” Cane 
Endrin (4) 2% dust 43 .8 - 451 
Endrin (8) 2% dust 34 — 40 
Endrin (4) 2% granules 5 3 1446 
Endrin (8) 2% granules 2 3 1450 
Toxaphene (4) 20% dust 34 504 
Toxaphene (8) 20% dust 20 927 
Toxaphene (4) 20% granules 17 1190 
Toxaphene (8) 20% granules 13 392 
Untreated 52 $270¢ 
Tukey’s D4 22 1860 





® Sugarcane variety C.P.36-13, plant and second ratoon crops. Figures are 
averages of 4 replications. 

> Parentheses contain the number of 
weekly or 4 biweekly). 

© Actual yields from untreated plots. 

4 Differences required for significance at the 5% level. 
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Yield increases following treatment with toxaphene or 
ryania were about half as large as those found in endrin- 
treated plots. 

1957 Test—Endrin and toxaphene were applied by air- 
plane to large plots of sugarcane grown by the Island 
Planting Company near Bunkie, Louisiana. Table 2 gives 
the results from this test in which eight weekly applica- 
tions of each insecticide were made for control of both 
second and third generation borers. 

Endrin granules gave the best control obtained in this 
test. Results with toxaphene were generally intermediate 
between those for endrin granules on the one hand and 
endrin dust on the other. Insecticide granules always gave 
better control than comparable dust formulations. Eight 
weekly insecticide applications were generally superior 
to four biweekly applications, but the difference between 
four and eight applications was relatively small when 
granular formulations were applied. An analysis of vari- 
ance of the bored joint data showed that the average 
differences between weekly and biweekly insecticide ap- 
plications, and between dust and granulated formulations 
were significant at the 1% level. The interaction be- 
tween insecticides and formulations (carriers) was also 
significant at the 1% level. 

The largest yields of cane and sugar per acre were found 
in plots receiving four or eight applications of endrin 
granules. These treatments increased yields by approxi- 
mately 8 tons of cane and { ton of sugar per acre. Applica- 
tions of endrin dust gave no important yield increases. 
Plots treated with toxaphene yielded more cane and 
sugar per acre than check plots, but less cane and sugar 
per acre than plots treated with endrin granules. An anal- 
ysis of variance showed that the average difference in 
yield of sugar per acre between dust- and granule-treated 
plots was significant at the 1% level. The interaction 
between insecticides and formulations (carriers) was also 
significant at the 1% level. 

1958 Demonstration Plots—Table 8 is a summary of 
results from large demonstration plots located on seven 
different plantations in six different parishes of southern 
Louisiana. Four biweekly applications of endrin and 
ryania for control of second and third generation borers 
were compared with no treatment. An experimental gran- 


Table 3.—Summary of results from large demonstration 
plots located in several parishes of southern Louisiana during 
1958.* 





YreLD INCREASE 
PER ACRE 
Per CENT 
JOINTS 
BoreED 


Tons of Pounds of 
TREATMENTS” Cane Sugar 


Endrin 2% granules i : 1194 
Ryania® dust and granules 32 ; 665 
Untreated 37 : 47574 
Tukey’s De 11 F 822 





® Figures are averages of 7 replications located on 7 different plantations in 
6 different parishes of southern Louisiana. The sugarcane variety C.P.44-101, 
C.P.48-103 or C.P.36-13 was grown in all demonstration plots on each planta- 
tion. 

> Four applications of each insecticide were made at biweekly intervals. : 

© Forty per cent ryania granules were used in 3 replications and 40 °% ryamia 
dust in the remaining 4. 

4 Actual yields from untreated plots. 

© Differences required for significance at the 5% level. 
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ulated formulation containing 40% ryania was used on 
three plantations, and the commonly used 40% ryania 
dust was used on the remaining four. 

‘two per cent endrin granules gave much better control 
than was afforded by the ryania treatments. The effects 
of ryania dust and granules were averaged together since 
the average difference between them in control obtained 
was only 3%. The difference in percentage of joints bored 
between endrin-treated and ryania-treated or untreated 
plots was larger than that required for significance at the 
5% level. 

Data presented in table 3 show that yield increases on 
endrin-treated plots were about twice as large as those 
measured in ryania-treated plots. The differences between 
yields of cane and sugar per acre from endrin-treated 
and untreated plots were greater than the amounts re- 
quired for significance at the 5% level. The average 
difference in yield of cane per acre between endrin- and 
ryania-treated plots was greater than that required for 
significance at the 5% level. 

1958 DDT Test.—¥our biweekly applications of 5% 
DDT granules were compared with comparable treat- 
ments of 2% endrin granules and 40% ryania dust in 
large plots on Waterford Plantation in St. Charles Parish. 

Data given in table 4 show that endrin gave far better 
control of borers than either of the other insecticides used. 
The difference in percentage of joints bored between 
ryania-treated and untreated plots was the only one 
among all possible comparisons which was not as large as 
the difference required for significance at the 5% level. 
Treatment with DDT resulted in a significant increase in 
borer damage. 

Average yield increases of slightly more than 11 tons of 
cane and more than 3 ton of sugar per acre resulted from 
four biweekly applications of endrin granules. Relatively 
small increases in yield followed treatments with ryania. 
Estimated yields were actually smaller in DDT-treated 
plots than in check plots which received no insecticide 
treatment. 

1958 Small-Plot Test-—Granulated formulations of 
several insecticides were compared in a small-plot test 
conducted on Belleview Plantation near Franklin, Loui- 
siana. (Table 5.) 


Table 4.—Summary of results from large-plot insecticide 
experiment conducted on Waterford Plantation in St. Charles 
Parish, Louisiana, during 1958.* 





YIELD INCREASE OR 
PeRcENT- DECREASE PER ACRE 
AGE en 
JOINTS Tons of Pounds of 
TREATMENTS? Cane Sugar 


DDT 5% granules 5 — 2.0 — 482 
Endrin 2% granules 7 LES] 1191 
Ryania® dust and granules 2 294 
Untreated ‘ gs 46899 
Tukey’s De 4 5.3 730 





_ Sugareane variety C.P.44-101, first ratoon. Figures are averages of 4 repli- 
cations 
b . . ° . *-. . . 
Four applications of each insecticide were made at biweekly intervals. 
First application with 40% ryania dust; last 3 applications with 40% 
ryania granules, 
4 Actual yields from untreated plots. 
6 F . a aes 
Ditferences required for significance at the 5% level. 
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Table 5.—Summary of results from small-plot insecticide 
experiment conducted on Belleview Plantation near Frank- 
lin, Louisiana, during 1958.* 








Y1eLD INCREASE OR 

DECREASE PER ACRE 

Per Cent — 

JOINTS Tons of Pounds of 
Borep Cane Sugar 





TREATMENTS” 





Endrin 2% granules : 1353 
Thiodan 5% granules 5 1026 
Sevin 5% granules 632 
Heptachlor 5% granules 463 
Trithion 5% granules 32 784 
DDT 5% granules 47 564 
Ryania 40% granules 32 $21 
Ryania 30% granules 32 417 
Untreated 40 5649¢ 
Tukey’s D4 10 4 1044 


woo 


wm OO OO 


«2 


i de 00 





® Sugarcane variety C.P.44-101, first ratoon crop. Figures are averages of 6 
replications. 

> Four applications of each insecticide were made at biweekly intervals 

© Actual yields from untreated plots. ° 

4 Differences reauired for significance at the 5% level. 


Four biweekly applications of endrin, Thiodan* (6,7,8, 
9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro-6,9-methano-2, 
4,3-benzodioxathiepin-3-oxide), heptachlor, and Sevin“ 
(1-naphthyl-N-methyl carbamate), respectively, caused 
appreciable reductions in borer damage. Treatments with 
Trithion® (S-(p-chlorophenylthio)methyl 0,0-diethy! 
phosphorodithioate) or ryania suppressed borer damage 
to some extent. DDT was apparently responsible for an 
increase in borer damage. The injury suffered in plots 
treated with endrin, Thiodan, heptachlor, and Sevin dif- 
fered significantly at the 5% level from that found in un- 
treated plots. Endrin and Thiodan gave significantly 
better control than any other insecticide treatments. 

Significant increases in yield of cane and/or sugar per 
acre followed treatment with endrin and Thiodan, respec- 
tively. Favorable responses in yield were measured fol- 
lowing treatment with all of the other insecticides used 
except DDT, which was apparently responsible for some 
decreasé in yield. 

Discussion.—The weight of accumulated data points 
conclusively to the fact that endrin is a far better chemi- 
cal for controlling the sugarcane borer than any other 
that has been so thoroughly tested at this time. For this 
reason it is the only insecticide currently recommended 
by the Louisiana Agricultural Experiment Station for 
borer control on sugarcane. 

Four biweekly applications of 2° endrin granules 
broadcast at the rate of 12 pounds per acre have given 
very good control of second and third generation cane 
borers. During 1958 the average total cost of four air- 
plane applications of endrin granules was slightly less 
than $10.00 per acre. This means to the grower that he 
must obtain an increase of slightly more than 1 ton of 
standard cane per acre to pay for the cost of treatment. 
The data reported herein show average yield increases 
ranging from 6 to 11 tons of cane per acre following treat- 
ment with endrin. 

Though endrin is now widely accepted by Louisiana 
sugarcane growers as the best control for the sugarcane 
borer, there was early opposition to its use by some who 
feared that the use of an organic insecticide for borer 
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control in Louisiana’s Sugar Belt might eliminate some 
important natural enemies of the borer and thereby in- 
crease the overall problem of borer control. Data pre- 
sented above for DDT and other data collected by Long 
et al. (1958) show that such upsets can and have occurred 
following insecticide use in sugarcane fields. 
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Techniques for Rearing the Chigger Mite, 
Trombicula akamushi (Brumpt)! 


TatmMapcGeE J. Nea and Louts J. Lreovsky, Department of Entomology, 
Walter Reed Army Institute of Research, Washington, D. C. 


ABSTRACT 

Methods are described for the laboratory colonization of the 
chigger mite, Trombicula akamushi. The larvae were fed upon 
chicks and white rats. The eggs of the collembolan, Sinella 
curviseta Brook, served as food for the postlarval stages. A sack 
for the attachment of the larval mites to the wings of chicks is 
described and a capsule for the attachment of larvae to rats is 
described and illustrated. Apparatus for housing chicks while 
the larval mites are feeding is illustrated and briefly described. 
A description is also given of methods for the rearing of S. 
curviseta. 


Methods for the rearing of the chigger mite, Trombicula 
akamushi (Brumpt), have been described by Sasa & 
Miura (1953) and Ito et al. (1957). Sasa and Miura fed 
the postlarval stages on Culex eggs, while the larval mites 
were fed on baby rats. Their technique for the attach- 
ment of larval mites occasionally permitted the escape of 
these forms and only a small proportion of larvae usually 
succeeded in feeding. The same limitations applied to the 
techniques employed by Ito et al. who used white rats as 
well as mice of the genus Microtus as larval hosts, and 
dragonfly eggs as food for the postlarval stages. 

Our colony was initiated with larvae collected from the 
rat, Rattus jalorensis (Bonhote), trapped in the vicinity 
of Subang, Selangor State, Malaya, in August 1956. Baby 
chicks and white rats were used as hosts for the larvae, 
whereas the postlarval stages were maintained on the eggs 
of the collembolan, Sinella curviseta Brook, for four com- 
plete generations. 

Mernops AppLicaBLE TO ALL StaGes.—T wo types of 
containers were used to maintain our cultures. For large 
numbers of chigger mites (20 or more), we used a 60-ml. 
wide-mouth, round glass bottle with a black plastic screw- 
‘ap. Individual chigger mites were reared in a 1-dram 
wide-mouth glass vial with plastic insert cap. Both types 
of containers were prepared by placing a three-quarter 


inch layer of a plaster-charcoal mixture, modified after 
Wharton (1946), in the bottom. The mixture which we 
found most satisfactory was prepared from 225 gms. of 
artificial dental stone, 5 gms. of Norit-A (decolorizing 
carbon)? and 95 ml. of water. After the wet plaster-char- 
coal mixture was poured, air bubbles were removed by 
tapping the container lightly, and the mixture was then 
permitted to harden. To prepare containers which had 
dried out, the plaster-charcoal mixture was moistened 
with tap water, a drop at a time until absorption began 
to take place very slowly. All containers were kept tightly 
stoppered to prevent the escape of mites. These containers 
received sufficient ventilation when food was added. The 
postlarval stages were fed eggs of the collembolan, S. cur- 
viseta, daily at the approximate rate of 10 eggs per nymph 
and 20 eggs per adult. All cultures were maintained at a 
constant temperature of 27° C. Humidity was not con- 
stant because the substrate in the containers was moist- 
ened once or twice each week. Transfer of chigger mites 
from one container to another when required, was accom- 
plished by using a very fine wetted camel’s-hair brush. A 
single container was usually satisfactory for rearing T. 
akamushi through a complete generation. 

Mold frequently developed in both types of containers 
resulting in an increase in the mortality rate in eggs, un- 
engorged larvae and quiescent nymphs. We scraped the 
mold from the substrate as often as required. 

Metuop ror ATTACHMENT OF LARVAE TO ANIMALS.— 
For simple maintenance of uninfected chigger mite colo- 
nies, attachments were made by placing larvae directly 
on the plucked back of a 2- to 3-day-old chick. The larvae 
were first transferred from the culture vial to a syracuse 
watch glass containing a detergent solution consisting of 
one drop of commercial liquid detergent in 100 ml. of wa- 
ter, and to the back of the chick with Pasteur pipette. 


1 Accepted for publication March 16, 1959. 
2 Manufactured by Fisher Scientific Company, Fair Lawn, N. J. 
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This solution was also used for the recovery of larvae from 
host animals as described by Lipovsky (1951b). 

To minimize the loss of larvae, we fastened a silk bolt- 
ing cloth sack over the wing of a baby chick. The opening 
was hemmed and provided with draw strings. A sack 2 
inches long and 18 inches wide at its mouth fitted the 
wing of a 2- or 3-day-old white leghorn chick. The pri- 
mary wing feathers were plucked and some of the down 
feathers removed with animal clippers before the sack 
was placed on the wing. Larvae were transferred to the 
wing by a pipette and the sack was sealed to the wing 
with Davol Surgical Appliance Cement.’ The chick was 
held in a container for 40 hours. The sack was then cut 
and the larvae removed. 

The container which we used for holding host chicks is 
illustrated in figure 1. It was constructed from a 10-inch 
length of 7-inch lucite tubing. The lid was made from a 
circular sheet of lucite, perforated for ventilation, and 
fitted with screws. Troughs were attached to the cylinder 
to provide for water and feed. A circular sheet of {-inch 
hardware cloth resting on six lucite supports formed the 
floor of the container. The container was placed on a 
stainless steel rack as shown in figure 1. An 8-inch dise of 
window screening was placed between the rack and con- 
tainer. The assembled apparatus was then placed in an 
enameled tray containing approximately an inch of the 
detergent solution. 

When larvae were attached to rodents, a capsule was 
used to confine the chiggers to the host. This capsule was 
prepared by forcing a 3-inch length of }-inch glass tubing 


Fig. 1.—Chick cage and equipment for chigger mite recovery. 
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Fig. 2. (a & b)—Capsule for confining chigger mites on rats, 
showing method of preparation. 


into a 10-ml. ungraduated celluloid centrifuge tube, leav- 
ing $ inch of the glass tubing protruding from the mouth 
of the centrifuge tube. The bottom of the celluloid tube 
was trimmed flush with the end of the glass section. Six 
holes were burned in the lip of the centrifuge tube with a 
hot dissecting needle. A }-inch wide rubber ring cut from 
j{-inch foam rubber sheeting was slipped over the celluloid 
tube close to the lip (fig. 2a). Using a curved suture needle 
and silk suture the rubber ring was sewn to the capsule, 
figures 2a, 2b. 

To attach the capsule to a white rat, the animal was 
first anaesthetized with sodium pentobarbital and the 
hair removed with animal clippers from the dorsal scapu- 
lar and lateral shoulder areas. The capsule was placed 
between the two shoulder blades and its position was 
marked with ink. Six to eight purse string loops,‘ evenly 
spaced around the periphery of the inked circle were sewn 
into the skin of the rat, using silk suture and a curved su- 
ture needle. The capsule was replaced on the inked circle 
and a suture wire was inserted through the loops. The su- 
ture wire was then fastened around the capsule just above 
the rubber ring. The slack was next taken out of the loops 
and the loose suture ends tied together securely. Excess 
wire and thread were cut away and surgical appliance 
cement was applied to the junction of the rubber ring and 
the rat’s skin. Finally, a circular hole was cut in a 2- by 3- 
inch piece of adhesive plaster and the hole fitted over the 
capsule so that the plaster covered the entire area sur- 
rounding the capsule. A plastic insert type cap from a 1- 
dram wide-mouth vial served as a stopper for the capsule. 
The rat with attached capsule was placed in a stainless 
steel shoebox-type cage fitted with legs 1 inch high. The 
flooring of the cage was made from {-inch hardware cloth 
to which a subflooring of window screening was fixed. The 
cage was set in a white enamelled tray partially filled with 
the detergent solution. A small hole was bored in the 
stainless steel lid to accommodate the neck of a water 
bottle. 

Metuops FoR REARING Sinella curviseta.— Eggs of this 
collembolan were first used as food for the postlarval 
stages of chigger mites by Lipovsky (195la). Our method 
for the laboratory culture of this collembolan follows: A 
half-pint round cardboard ice cream container was lined 
with a 12-inch square of aluminum foil. The container 

Distributed by Davol Rubber Company, Providence, R. I, 


#See Stedman’s Medical Dictionary, Williams and Wilkins Company, 
Baltimore, Md., 19th edit., 1957, p. 1347, 
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was filled to a depth of 1 inch with plaster-charcoal mix- 
ture, as previously described for the chigger mite con- 
tainers. A flat bottomed bottle, approximately 2} inches 
in diameter, was wetted and pressed into the plaster until 
the plaster extrudes to the rim of the ice cream container. 
A layer of plaster was left on the bottom of the container. 
After the plaster had set the bottle was removed and the 
excess foil cut away. Sufficient water was added to the 
container to give the plaster a wet appearance and there- 
after 4 or 5 drops of water were added daily. Each con- 
tainer was started with approximately 150 Collembola. 
Approximately 0.2 gm. of dry activated yeast was placed 
in the center of the container daily to provide food. A 
small sheet of Saran wrap or cellophane was placed be- 
tween container and lid to minimize the loss of moisture. 
A culture of this type usually produced eggs for only 4 
days. However, if the Collembola were then transferred 
to a fresh container, egg laying resumed. 
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Experiments in Apple Insect Control! 


Puitie Garman, The Connecticut Agricultural Experiment Station, New Haven 


ABSTRACT 


Eleven combinations of insecticides and fungicides were ap- 
plied to McIntosh apples in Connecticut for control of insects 
and diseases in 1957 and 1958. When these were rated on the 
basis of pest control, quality of fruit, safety, and cost, the order 
of preference was (1) Guthion-captan, (2) Sevin-Kelthane- 
captan, (3) methoxychlor-glyodin-ferbam, and (4) lead arsenate- 
malathion-captan. Kepone-captan, used only in 1958, gave very 
promising results. The possible place of these and other pesticides 


Results given in this paper are from experiments con- 
ducted in Connecticut during 1957 and 1958. Tables 1 
and 2 give results of trials of 11 different combinations de- 
signed to give reasonable control of pests compared with 
standard treatments. Untreated fruit was not available 
in 1957, because none was left on the trees at harvest time. 
In addition, tables 3 and 4 give estimates of the effect of 
sprays on insects obtained in the ground cover in 1958. 
Surveys were also made in commercial orchards in which 
Guthion*0’O-dimethy| S-(4-oxo-3H-1,2,3-benzotria- 
zine-3-methyl) phosphorodithioate was used. 

Mertuops.—Some of the factors used in evaluating 
sprays were as follows: 

Percentage clean reflects both insect and disease control 
and is a measure of the growers’ requirements. It may 
change from year to year depending on the weather and 
on the effect of sprays on the abundance of parasites and 
predators. If one major pest is eliminated, another may 
increase in abundance. 

Quality is important. If the color is off as it may be fol- 


in apple insect control is discussed. Insecticides with trade- 
marked names mentioned above are: Guthion® 0,0-dimethyl 
S-(4-oxo-3H-1,2,3-benzotriazine-3-methyl) phosphorodithioate; 
Kelthane® 1,1-bis(p-chlorophenyl)-2,2,2-trichloroethanol; Ke- 
pone (1189) formerly known as a chlorinated polycyclic ketone, 
now designated Decachloro-tetrahydro-4,7-methanoindenone; 
and Sevin® 1-naphthyl-N-methyl carbamate. 


lowing some treatments, if the sugar content is low as 
when mites are not controlled, and especially if the finish 
is ruined, quality is so poor that good control of pests has 
done little good. Effect on flavor must also be considered. 

Safety is another important consideration. Some 
growers will not use highly poisonous insecticides. 

Costs. No matter how good a spray combination is, 
there isn’t much chance that it will be generally used if it 
is too expensive. However, this factor may be difficult to 
determine depending on indirect benefits or harmfulness. 
For example, lack of control may affect production as 
well as reduce the value of a crop. Some insecticides or 
fungicides contain nutrients which tend to increase pro- 
duction. 

Resutts.—In 1957, estimates based on the factors out- 
lined were equal for lead arsenate-malathion-captan and 
Guthion-thiram, with other combinations less desirable. 
In 1958 the most promising combinations based on cost, 
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Table 1.—Results of treatments against pests of McIntosh 
apples. 1958. 
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DILUTION IN Per Cent Per CENT 
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TREATMENT® 
Untreated = 0.5 
Lead arsenate-ryania-captan ; 48.5 
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® Formulations of materials used in tables 1-4. Captan (50%) w. p.; Delnav 
(25%) w. p.; ethion (25%) w. p.; ferbam (76%) w. p.; Guthion (12.5% or 15%) 
w. p.; glyodin (34%) liquid; Kelthane (18.5%) w. p.; Kepone (50%) w. p.; 
lead arsenate (100%) w. p.; methoxychlor (50%) w. p.; ryania (95%) w. p. 
(table 1), (50%) w. p. (tables 2, 3); Sevin (50%) w. p. 

A total of 10 applications were made during the season, the first without 
insecticide and the last without fungicide. High pressure hydraulic equipment 
was used in all tests except those reported in table 4. 


insect and disease control, fruit finish, and operator safety 
were; (1) Guthion-captan, (2) Sevin-Kelthane-captan, 
(3) methoxychlor-glyodin-ferbam, (4) Lead arsenate- 
malathion-captan, in the order given. Sevin® is 1-naph- 
thyl-N-methyl carbamate; Kelthane® is 1,1-bis(p-chloro- 
pheny1)-2,2,2-trichloroethanol. 

The insecticide components of the mixtures seemed to 
have the following characteristics based on studies of the 
data accumulated : 

Guthion proved to be a useful universal insecticide with 
few weaknesses and a good record as far as phytotoxicity 
and fruit finish were concerned. Combinations with sev- 
eral fungicides produced little injury and no russeting of 
the fruit. Flavor tests were promising but incomplete. 
Destruction of parasites and predators appeared to be less 
severe than with chlorinated hydrocarbons (tables 3 and 
+). Data given in table 3 are based on a representative 
collection made at a time when parasites and predators 
were most numerous. 

Sevin produced some surprising results such as control 
of the apple aphid (Aphis pomi DeG.) and the rosy apple 
aphid (Anuraphis roseus Baker) and general pest control 
including that of the apple maggot Rhagoletis pomonella 
(Walsh). Its weaknesses are few and they may be easily 
remedied. Combined with Kelthane and captan, Sevin 
produced clean fruit of reasonably good quality. As in the 
case of Guthion, flavor tests are not yet complete. Its 
safety and high tolerance appeal to many. Cost of the 
Sevin-Kelthane captan spray appears to be a little high. 

Kepone® (1189) (decachloro-tetrahydro-4,7-methanoin- 


Table 2.—Results of treatments against pests of McIntosh 
apples. 1957. 
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ap ° > mn ° ‘ . 
a For formulations used see footnote a of table 1. Total of 11 applications. 
” No records obtained because there was no fruit. 
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Table 3.—Ratios of harmful to beneficial insects from 
ground sweeps and percentage of Hymenoptera parasitica* 
on Aug. 15, 1958. 





HYMENOPTERA 
PARASITICA 
PREATMENT? Ratio (%) 


Ryania-lead arsenate-captan 3.3 15. 
Kepone-captan 4.7 15. 
Lead arsenate-malathion-captan 5.5 12.¢ 
Delnav-captan 73 8. 
Guthion-captan 9.3 7 
Methoxychlor-glyodin-ferbam 11.8 6.5 


IS | 


Sale om 





® Hymenoptera parasitica represents forms identified as parasitic in habits, 
such as aphid parasites. By harmful is meant phytophagous species plus scaven- 
gers. The ratio is obtained by dividing the predator-parasites into the harmful 


Phytophagous, ete. 


group thus: . Treatments were replicated four times. A total 


Predator-parasites 
of 120 sweeps for each treatment were made; 30 in each plot. 
> A total of 10 applications were made in 1958 at 10-day to 2-week intervals, 
the first without insecticide and the last without fungicide. 


denone), known for at least 7 years, was studied carefully 
in 1958. In combination with captan, it gave little or no 
injury to foliage, but its main value seemed to be in the 
lack of destruction of beneficial Hymenoptera, and other 
insects (table 3). Considering its efficiency, it seemed to 
be much better in this respect than ryania. No flavor tests 
have been completed to date. 

Ryania combinations, after several years, appeared to 
be about the same as at the beginning; namely, poor gen- 
eral insect control (low percentage of clean fruit) in spite 
of its lack of destruction of beneficial forms. Combined 
with lead arsenate, it lowered the efficiency of lead arsen- 
ate in our tests. Apparently its rather mild insecticidal 
action is not enough for our area. Flavor tests have given 
generally good results. It is probably the safest insecticide 
that can be used, from the operator's standpoint. 

Lead arsenate continued to be reasonably effective ex- 
cept against the European apple sawfly (/oplocampa 
testudinea (Klug)), the mites (Tetranychus telarius (L.) 
and Panonychus ulmi (IKoch)), the apple aphid, the rosy 
apple aphid, and the white apple leafhopper (Typhlocyba 
pomaria McA.). Combinations with malathion to remedy 
these defects have not been completely successful because 
mites have developed resistance as in many other locali- 
ties. In spite of this, lead arsenate is still widely used in 


Table 4.—Ratios of harmful to beneficial insects in ground 
sweeps from commercial orchards treated with Guthion or 
with chlorinated hydrocarbon insecticides.* 





CHLORINATED 
HypROCARBONS 
Orcuarp No. GUTHION” (TDE-DDT-Drevprin) 
9.0 59.0 
. P 19.4 
§. 5.8 
9. 17.0 





® Based on an average of two collections made in late summer after most of 
the spray program was completed. 

> Several different fungicides were used with Guthion in the different 
orchards. Regular commercial spray programs were followed mostly and 
applications were made with hydraulic or air-blast equipment at normal dilu- 
tions. Applications in orchard No. 3 were made with a mist blower at much 
higher concentrations and the spray was applied with little drip onto the 
ground cover, 
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Connecticut, partly because of its low cost and good con- 
trol of the apple maggot. Color and finish of the fruit is 
affected somewhat adversely. The material has some in- 
compatibilities, such as that with glyodin, which necessi- 
tate caution. Its action on beneficial insects has been very 
mild, almost the same as ryania, but mites and San Jose 
scale (Aspidiotus perniciosus Comst.) remained trouble- 
some even when malathion was added. The flavor has 
been good when used on the McIntosh variety but the 
adhesiveness of this material make residues a problem. 

Methorychlor was used mainly for control of the plum 
curculio (Conotrachelus nenuphar (Hbst.)) and has given 
good results. Combinations with glyodin and ferbam were 
not satisfactory in 1958 because of the rough finish which 
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resulted from their use. Other combinations have been 
better. The methoxychlor-malathion-captan combination 
used in tests not reported herein can evidently be im- 
proved by adding calcium carbonate, although lea!- 
spotting on both apples and peaches was not prevented 
entirely. In spite of its long period of usefulness, there 
seems to be some question regarding the effect of met)h- 
oxychlor on the flavor of the fruit. 

Ethion (formerly called Nialate or Niagara 1240) and 
Delnav® (2,3-p-dioxanedithiol S,S-bis(O,O0-diethyl phos- 
phorodithioate). Action of these two insecticides seemed 
more specific than that of the others discussed herein so 
that the overall control was not generally adequate. They 
may prove useful, however, for control of specific pests. 


Pienus Infestation on True Firs in Western Washington! 


Norman E. JoHNnson? 


ABSTRACT 


This is a first report of an undescribed chermid of the genus 
Pineus attacking both the bole and branches of Abies amabilis 
and A. grandis with little apparent damage. It also distinguishes 
this insect from an apparently similar balsam woolly aphid 
(Chermes piceae Ratz.) that severely damages these same true 
firs. Pineus first instar larvae when settled on bark secrete long, 
irregular wax threads but retain activity up to molting, and in 
crowns does not cause galling of branch tips. Chermes with short, 
regular wax ribbons becomes inactive, and causes “gouting” of 


branch tips. 


A chermid of the genus Pineus has been found attack- 
ing Pacific silver and grand fir (Abies amabilis and A. 
grandis) in Lewis County, Washington. To the unaided 
eye this insect appears very similar to the balsam woolly 
aphid (Chermes piceae Ratz.) which is causing serious 
damage to mature true fir trees on several hundred thou- 
sand acres in western Washington and Oregon (Johnson 
& Wright 1957, Rudinsky 1957). The occurrence of Pineus 
in areas as yet unaffected by the balsam woolly aphid 
could confuse the accurate reporting of the range and 
spread of both of these insects. The purpose of this paper 
is to report the occurrence of Pineus on true fir in the 
Pacific Northwest and to describe characteristics that 
will distinguish it from the balsam woolly aphid. 

Published reports indicate that Pineus usually attacks 
only pines or spruces. However, Essig (1926) reports that 
Chermes pinicorticis Fitch (synonymous with Pineus 
strobi) “apparently is the common species on spruce, pine 
and fir from British Columbia to California.’’ However, 
it is not known what tree species are included in the gen- 
eral term “fir”. Annand (1928) does not report species of 
Pineus as attacking trees other than pine or spruce. Keen 
(1952) lists two species of Pineus, occurring in the forests 
of the Pacific Northwest whose alternate hosts are not 
known. 

Specimens of this chermid were sent to the U. S. Na- 
tional Museum for identification. Miss Louise Russell, 


Fig. 1.—Wax wool of Pineus on the bark of grand fir. 


assigned the specimens to the genus Pineus; however, 
she advised that specific identification must await collec- 
tion of forms occurring on the primary host. She reported 
that to her knowledge this is the first record of a member 
of this genus attacking true fir. This was confirmed by 


1 Accepted for publication December 9, 1958. 
2 Entomologist, Weyerhaeuser Timber Company Forestry Research Center 
Centralia, Washington. 
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Fie. 2.—Above: Pineus with long thin, irregular wax threads 
Below: The balsam woolly aphid with short, flat, regularly 
arranged wax ribbons 


other authorities.’ Field observations indicated that 
Pineus is common on Pacific silver fir on McDonald Tree 
Farm in the vicinity of Curtis, Washington and on grand 
fir in Borst Park, Centralia, Washington. This chermid 
attacks both the bole and branches of the host. Bole in- 
festations have the cottony appearance similar to that of 
the balsam woolly aphid (fig. 1). Field examinations indi- 
cate that Pineus does not cause galling of the branch tips 
or what Balch (1952) terms “‘gouting” in the case of the 
balsam woolly aphid. This is substantiated by laboratory 
studies in which two-year-old seedlings of Pacific silver 
fir and noble fir (Abies procera) were infested with this 
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Pineus and the balsam woolly aphid. Those seedlings suc- 
cessfully infested with the balsam woolly aphid produced 
conspicuous swellings while those infested with Pineus 
showed no galling. 

Distinctive characteristics separating these two species 
of chermids under low magnification is the wax secretion 
of the first instar larvae that have settled on the bark 
(fig. 2). The first instar of Pineus produces long, thin wax 
threads, whereas the balsam woolly aphid produces wax 
ribbons that are conspicuous around the margin of the 
body and along the mesal line. The balsam woolly aphid 
after inserting its stylets folds its antennae and legs be- 
neath its body and becomes closely appressed to the bark. 
By contrast, Pineus evidences more activity by move- 
ment of antennae and legs even up to the time of molting. 
The adult Pineus is more circular in shape than the bal- 
sam woolly aphid, and the eggs and larvae are lighter in 
color. Specimens of the two genera when cleared and 
placed on slides can be distinguished by the number of 
abdominal spiracles (Annand 1928, Varty 1956). 

Pineus does not appear to be harmful to its host tree in 
western Washington, whereas currently, the balsam 
woolly aphid is considered the most serious insect enemy 
of true firs in the Pacific Northwest. Because of the simi- 
larity in appearance of these closely related insects, it is 
important to distinguish them in the field in order to 
avoid confusion in the reporting and subsequent treating 
of infestations. 
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Maps are used to indicate the known distribution of eight 
species of Trogoderma (T. glabrum (Herbst), JT. granarium 
Everts, 7. grassmani Beal, T. inclusum LeConte, T. ornatum 
(Say), 7. parabile Beal, T. simpler Jayne, and T. sternale Jayne) 
in California based on infestations recorded in the California 
Khapra Beetle Survey. The authors carefully note, however, 
that most infestations of 7. granarium have been eradicated and 
the known infestations, at the time of acceptance of their manu- 
script, would probably be fumigated by the time the paper was 
published. 

Of 132 host materials listed from survey reports, Trogoderma 


Emergence of Trogoderma from comparative obscurity 
in the United States was marked by the identification 
(Allen & Linsley 1954) of the khapra beetle, Trogoderma 
granarium Everts, from stored wheat and barley in Tulare 
County, California, in October of 1953. Owing to the im- 
portance of the khapra beetle as a storage pest in other 
parts of the world, its positive identification in California 
led to an immediate search for infestations in this State 
and a keen awareness of Trogoderma spp. in other sections 
of the country. 

Establishment of the Khapra Beetle Interior Quaran- 
tine in January 1955 by the Bureau of Plant Quarantine 
of the California Department of Agriculture, with plans 
for the eradication of the pest, intensified inspections for 
khapra. The difficulty of separating species and the neces- 
sity for absolute identification required that all Trogo- 
derma specimens collected in the California Khapra 
Beetle Survey be examined by systematic entomologists‘ 
for positive identification. Gammon (1958) gives a com- 
plete account of activities and division of responsibility 
in the khapra beetle eradication program in which the 
U.S. Department of Agriculture, Khapra Beetle Control 
Project, the California Department of Agriculture, Bu- 
reau of Entomology, and the County Commissioners of 
Agriculture jointly share responsibility for the khapra 
beetle detection survey in California. 

Keifer (1958) has summarized identification totals for 
specimens collected during the survey for khapra beetles 
in 1957, and these are representative of the enormous task 
performed by systematic entomologists in the khapra 
beetle eradication program. 

As an aid in the identification of khapra larvae and 
adults, Okumura & Blane (1955) prepared an illustrated 
key to species of Trogoderma and related genera of Der- 
mestidae based on the work of Hinton (1945), Beal 
(1954), and Howe & Burges (1955). Later, Beal (1956) 
revised his keys to neartic species of Trogoderma and en- 
larged his account of the food habits of the species found 
in the United States. Thus, over the 5-year period of the 
survey summarized as a part of this report, records on the 
occurrence of Trogoderma in California are based on re- 
liable identification of specimens. 

Unlike most other dermestids, the khapra beetle prefers 


Distribution and Host Range of Eight Species ot Trogoderma in 
California! 


R. G. Srrone,? G. T. Okumura,’ and D. E. Spur? 


ABSTRACT 


830 








glabrum was found in association with 6, T. granarium with 37, 
T. grassmani with 13, 7. inclusum with 33, T. ornatum with 20, 
T. parabile with 77, T. simplex with 60, and T. sternale with 79. 
Results from preliminary food tests in the laboratory with 
T. granarium and T. parabile are given, and the known food 
habits of T. granarium, the species which has received the most 
attention, is presented as a summary of several published reports. 

The need for detailed investigations on Trogoderma is apparent 
from the distribution and broad host associations recorded for 
the eight species in California and by the general lack of informa- 
tion on Trogoderma as storage pests in the United States. 


grain and cereal products to substances of animal origin 
but will develop on various host materials (Hinton 1945) 
Because of this and other known habits of the beetle, sur- 
vey inspections have been concerned primarily with sites 
more or less intimately connected with commerce (grain 
storage and milling facilities, feed yards, staple foods and 
seed warehouses, and ranches—to mention a few) owing 
to the possibility of more rapid dissemination from such 
infestations. Yet, natural sources, habitats, and reservoirs 
of storage pests so aptly described in Linsley’s compre- 
hensive reports (1942, 1944) are being considered. 

Strong & Okumura (1958) reviewed records in the files 
of the Bureau of Entomology, California Department of 
Agriculture, to prepare a list of insects and mites associ- 
ated with stored foods and seeds in California. The gen- 
eral distribution and broad host range indicated in their 
report for eight species of Trogoderma prompted compari- 
sons between species with respect to distribution and 
hosts in order to evaluate their relative importance as 
storage pests and, in turn, determine the need for investi- 
gations on the biology and control of several species simi- 
lar to the work reported on the khapra beetle by Lindgren 
et al. (1955), and Lindgren & Vincent (1959). 

The purpose of this paper is to give the known distribu- 
tion of eight species of Trogoderma in California, the hosts 
with which these were associated at the time of collection 
(if any), preliminary results from food experiments with 
certain species in the laboratory, plus a limited review of 
references in the literature on the food habits of Trogo- 
derma. The information is given in a manner suitable for 
rapid comparisons between species. 

DistripuTion.—Based on collection and identification 
records from the California Khapra Beetle Survey, the 
known distribution of eight species of Trogoderma in Cali- 
fornia has been summarized as presented in figures 1 and 


1 Paper No. 1131, University of California Citrus Experiment Station. This 
paper is a joint contribution from the University of California, Citrus Experi- 
ment Station, Department of Entomology, and the California Department of 
Agriculture, Division of Plant Industry. Accepted for publication March 2 
1959. 

2 University of California, Riverside. 

’ California Department of Agriculture, Sacramento. ; 

4 Inquiries concerning the status of the khapra beetle eradication program 
California should be addressed to R. W. Harper, Chief, Bureau of Entomology 
California Department of Agriculture, Sacramento, 
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Fic. 1.—Known distribution of Trogoderma in California: (1) Trogoderma glabrum (Herbst), (2) Trogoderma granarium Everts 
(See also footnote 4), (3) Trogoderma grassmani Beal, (4) Trogoderma inclusum LeConte. 


2. It should be noted that infestations of Trogoderma 
found at sites inspected in the survey for khapra beetles 
were probably most often, but not always, the result of 
unnatural distribution. 

One infestation was sufficient to indicate the presence 


of a species in a county, but the relative abundance of a 
species in any one county is not shown. However, the 
relative abundance within the State is indicated from a 
summary of the distribution of Trogoderma species by 
counties, the figures indicating the numbers of counties 
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Fig. 2. 
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Known distribution of Trogoderma in California: (5) Trogoderma ornatum (Say), (6) Trogoderma parabile 


Beal, (7) Trogoderma simplex Jayne, (8) Trogoderma sternale Jayne. 


with recorded infestations: glabrum, 10; granarium, 18; 
grassmani, 12; inclusum, 33; ornatum, 27; parabile, 41; 
simplex, 40; sternale, 45. 

The distribution and host range of T. granarium (the 
khapra beetle) has been included in this paper primarily 


to provide a basis for comparisons between species. At 
the time of acceptance for publication, five known infes- 
tations remained in the State, four in Riverside County, 
and one in Madera County, and by the time of publica- 
tion these probably will have been fumigated. No attempt 
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was made to determine whether infestations would per- 
sist at any particular site, or the population density that 
might be reached by a specific infestation. Nor was the 
frequency of collection of a species summarized for this 
paper, although such information would suggest the true 
range of species within California. 

As indicated by distribution maps (fig. 1 (1 to 3)), 
Trogoderma glabrum, T. granarium, and T. grassmani ap- 
parently prefer the environments of inland valleys and 
desert areas while 7. inclusum (fig. 1 (4)), T. parabile 
(fig. 2 (6)), 7’. simplex (fig. 2 (7)), and T’. sternale (fig. 2 (8)) 
are found generally throughout the State. Trogoderma 
ornatum was collected most often from the coastal areas, 
but as seen in figure 2 (5), infestations were found in many 
outlying counties. 

In regard to the distribution of Trogoderma in Califor- 
nia, climatic conditions are of basic importance and ex- 
tremes are found in this State, even within some counties. 
However, discussion of the distribution of storage insects 
on a climatic basis must be deemphasized where storage 
environments are independent of temperature, particu- 
larly when buildings are artificially heated or insects 
cause the heating of commodities. 

Host Rance.—Survey Results—The nature of the 
khapra beetle survey leaves little chance for Trogoderma 
to escape detection when inspections are made. All pos- 
sible hiding places and host materials are examined in- 
tensely. Host associations are recorded when specimens 
are collected for identification, and the hosts or host ma- 
terials with which Trogoderma spp. have been found in 
California are given in table 1. 

Food habits of eight species of Trogoderma are indicated 
by the host index presented in table 1, but it should be 
noted that occurrence of Trogoderma with the hosts listed 
merely indicates that specimens may be found on the 
various materials, all of which are not necessarily primary 
hosts for the species concerned. In this report, primary 
hosts are considered to be those foods on which Trogo- 
derma populations increase as the result of larval feeding, 
development to adults, and reproduction. Secondary hosts 
are considered to be foods on which larvae persist, but 
usually do not reach adult maturity. Thus, the necessity 
for using the term “host association.” 

The range in host associations of the eight species is 
somewhat similar to the distribution of species by coun- 
ties. Of the 132 host materials listed in table 1, Trogoderma 
glabrum was found in association with 6, 7. granarium 
with 37, T. grassmani with 13, T. inclusum with 33, T. 
ornatum with 20, T. parabile with 77, T. simplex with 60, 
and 7’. sternale with 79. 

It is suggested from further analysis of host associations 
that Trogoderma granarium, T. glabrum, and T. grass- 
mani prefer cereal grains and seeds, or their products, 
whereas the other species are found with a more general 
host association. The occurrence of several species on 
flower and vegetable seeds is of particular interest since 
these seeds are produced in limited quantities and insect 
injury could result in serious economic losses. Association 
of T. parabile, T. simplex, T. sternale, and other species of 
Trogoderma to a lesser degree, with dried fruits and nuts 
and grocery commodities is probably of more economic 
importance than has been recognized to the present time. 

Laboratory Food Studies With Trogoderma granarium 
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and parabile.-—As suggested by the range of host associa- 
tions in table 1, many problems are involved in the de- 
velopment and use of control and preventive measures 
for Trogoderma. However, the usefulness of a knowledge 
of its primary hosts is beyond question in considering 
such measures. Locating sources of infestations is a funda- 
mental step in any storage sanitation program, and these 
sources are most often dependent on foods upon which 
insects develop and reproduce. 

Many records are available on the occurrence of Trogo- 
derma feeding on various materials, but for other than T. 
granarium, little information exists on the primary host 
range of the Trogoderma found in California. For this rea- 
son, preliminary food studies with 7. granarium and T. 
parabile were made to permit direct comparisons between 
two species in order to gain an insight into the need for 
more detailed studies with all species of Trogoderma found 
in the state. 

First instar larvae of Trogoderma granarium and T. 
parabile were placed on 29 host materials (each species 
handled separately) in cloth-covered glass vials and held 
at 90° F. To each vial containing 5 grams of food material, 
50 larvae were added. Four vials, giving a total of 200 
larvae for each species, were used in the evaluation of each 
material. Test vials were examined at weekly intervals 
and pupae were removed as they appeared. When adults 
emerged, they were placed on the same kind of foods upon 
which the larvae fed and held for observations on repro- 
duction. From the results of these tests presented in 
table 2, similarities and differences in the food habits of 
T. granarium and T. parabile are obvious, within the 
limits prescribed by the foods used. 

Discussion.— Distribution —No doubt the known dis- 
tribution of Trogoderma in California (figures 1 and 2) 
will be extended by further inspections, especially in the 
northern counties of California. However, one species, 7. 
granarium, will probably be eliminated by a successful 
eradication program. As mentioned earlier, at the time 
the manuscript was accepted only two counties, Madera 
and Riverside, had known infestations of the khapra 
beetle and these will probably be fumigated before publi- 
cation of this paper. But, according to Howe & Lindgren 
(1957), new infestations are likely to appear for several 
years, for this insect is not easily killed by cold or starva- 
tion, and it is difficult to find when present in small num- 
bers. The latter point makes the khapra beetle an awk- 
ward inspection problem for port quarantine inspectors, 
especially those of California and Texas, and emphasizes 
the chance of the pests being reintroduced after comple- 
tion of a successful eradication campaign, unless more 
efficient methods of detection and identification become 
available. 

No attempt was made to determine persistence of in- 
festations or population densities in the California survey 
for khapra. However, on occasion infestations of Trogo- 
derma grassmani, T. inclusum, T. parabile, T. simplex, 
and T. sternale have been observed in association with 
grain storage, and in feed processing and storage facilities 
with population densities reminiscent of 7. granarium. 
Trogoderma glabrum was seldom found in large numbers 
at any location and infestations apparently do not persist. 
Trogoderma ornatum infestations tend to persist, but 
population levels are seldom high. 
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Table 1.—Host or possible host materials with which Table 1.—(continued) 
Trogoderma spp. were associated at the time of collection pao —— ——— 
during the California Khapra Beetle Survey.* Trogoderma spp. 

"7 ila ray ease et — ? Host gla- granar- grass- inclu- orna-  para- — sim- 
Trogoderma spp. MATERIAL = brum ium mant tum sum bile plex 











Host gla- grana- grass- inclu- orna- para-  sim- _ ster- Peaches x 
MatTertaL) brum rium mani sum tum bile plex nale Peanuts 
. Pecan meats 
Cereal Grains and Seeds Prunes 4 
Raisins 
Walnut meats x x 


Grocery Commodities 


Alfalfa 
Austrian peas 
Barley x x 
Beans ; x 
Beet (field and 
sugar) 
Bentgrass 
Bermuda grass 
Kluegrass fast foods) 
Brome Chicken soup 
Broomcorn (dehydrated) 
Burnet Cookies 
‘abbage Corn meal 
‘actus Crackers (soda) 
anary grass Eggs (dry 
arrot powdered) 
auliflower Egg noodles 
over Flour and mixes 
oriander Fudge mix 
‘orn (field) Garlic (dry bulb) 
‘orn (pop) Hominy grits 
otton Macaroni 
‘ucumber Milk (dry 
Dallis grass powdered) 
Dandelion Pudding mixes 
Eggplant Rice x 
Fenugreek Spaghetti 
Fescue Spices 
Flax Sugar ) x 
Garbanzos Peppers, dry pod 
Kohlrabi Wild rice © 
Lettuce 
Millet 
Milo 
Muskmelon 
Mustard 
Nasturtium 
Oats 
Onion 
Pea (garden) 
Pepper 
Poppy (Oriental) 
Pumpkin 
Rice 
Rye 
Ryegrass 
Safflower 
Sesame 
Sesbania 
Snapdragon 
Sorghum 
Soybeans 
Spinach 
Squash 
Stocks 
Sudan 
Sunflower 
Sweet corn 
Swiss chard 
Tomato 
Trefoil 
Vetch 4 
Watermelon x 
Wheat x x 4 
Wheatgrass 


Beef bullion 


cubes 
Candy (chocolate 
and nuts) 
Cereals (break- 


xXKXKXKK KK & 
mm ROR 


x 


xXx KKXKX 


KK MKKKK KK KXKX 


x 
Miscellaneous 
Almond hulls 

(bulk and 
crushed) 
Bird seed 
Blood meal 
Chicken manure 
Date pollen 
Fish meal 
Meat scraps 
(dry) 
Oat straw 
Tortillas 
(cooked, dry) 
Wollen clothing 


AKRKM. BH MRM MRARX MRM MK 


XKKKKKK KK XK 


XKKKK KKK 


Natural Hosts (or Habitats) 
xX 


Ant nest 
Beehives Xx xX 
Mud dauber 

nests , 4 
Spider egg 

masses 
Spider webs x 
Wasp nests > 4 x 


x KKXX &X 


x 





XKXK KR KKM KK KK KX 


xX 


® Summary of hosts recorded over a 5-year period. X indicates species was 
collected from host material one or more times. 


Food Habits —Detailed studies on the food habits of 
Trogoderma are limited, but Hopkins (1955), Lindgren 
et al. (1955), and Lindgren & Vincent (1959) have re- 
ported results from tests with 7. granarium and results 
are presented in this paper (table 2) from preliminary 
tests with 7. granarium and T. parabile. Noon (1958) aiso 
reported on the food habits of the khapra beetle and gave 
results from experiments in which materials were included 
that might serve as hosts in natural reservoirs for T1. 
granarium. Unfortunately, in the latter report, the author 
failed to mention reasons for the high mortality of larvae 
in most of his tests, although the data presented suggested 
that extraneous influences were involved, perhaps disease- 
producing protozoa similar to those found by Marzke & 
Dicke (1958) in several species of Trogoderma. 

The known food habits of Trogoderma granarium are 
summarized in table 3 by combining information from the 
= meats first three references cited in the preceding paragraph 

with results from food tests presented in this paper. The 


XXKK K KKK KXKX 


Animal Feeds (Plant Origin Only) 
Alfalfa hay x 
Alfalfa meal 
Cottonseed hulls 
Cottonseed mea 4 
Linseed meal 
Rolled barley x 
Rolled milo x 
Rolled oats 
Rice bran 
Rice mes! 
Rice screenings 
Soybean meal 4 x 
Sugar beet pulp x x 


Wheat bran x x 
Mixed Animal Feeds, Mashes and Pellets 


x XKXK K KX KX 


me a) ee 
x 


xX 


* 


Calf 
Dog 
Goat 
Cattle (dairy) x x 
Hog 

Horse 

Poultry x x x 
Rabbit 


x 


x 
Dried Fruit and Nuts 


Mm KK MK RX 
x XXX XXX 








October 1959 


STRONG ET AL.: E1aut Species or T rogopeRMA IN CALIFORNIA 


Table 2.—Development of Trogoderma granarium and 
T. parabile on various foods at 90° F. during minimum 
observational periods of 145 days. 


Table 3.—Summary of the known food habits of Trogo- 
derma granarium based on results from several reports* on 
food tests in the laboratory. 








Foop 

W heat 

recleaned whole grain 
Cracked wheat 
Wheat germ 
Whole wheat flour 
Barley 

recleaned whole grain 
Rolled barley 
Barley cereal, 

pre-cooked for babies 
Shelled corn, 

recleaned whole kernel 
Ground corn 
Yellow corn meal 
Corn cereal, 

yre-cooked for babies 
W vole brown rice 
Cracked brown rice 
Whole white rice 
Cracked white rice 
Instant white rice 


Oatmeal 


Egg 


to 


Adult 


granarium 


Status at 
End of 


(Days) Observations 


43 
33 
31 
29 


Reproduction 


Reproduction 
Reproduction 
Reproduction 
Reproduction 


Reproduction 
No reproduction 


Reproduction 


Reproduction 
Reproduction 
Few larvae alive 


Reproduction 
Reproduction 
Reproduction 
Reproduction 
Few small larvae 
alive 
Reproduction 


parabile 


Egg : 
to Status at 
Adult End of 
(Days) Observations 
Reproduction 
Reproduction 
Reproduction 
Reproduction 
Reproduction 


Reproduction 
Reproduction 


Reproduction 


Reproduction 
Reproduction 
Larvae 


Reproduction 

Reproduction 

Larvae 

Larvae 

Very small lar- 
vae 

Reproduction 


Reproduction 


Oatmeal, instant 
Reproduction 


Oatmeal, 

pre-cooked for babies 
Pablum, 

pre-cooked mixed cereals 
Pinto beans 


Reproduction 

Reproduction 

Reproduction Reproduction 

Larvae in 
cracked beans 

Small larvae 

Larvae 

Reproduction 

Larvae died 

Larvae 

Larvae 

Larvae 

Larvae died 


Reproduction 


No reproduction 
Few larvae alive 
Reproduction 
Larvae died 
Small larvae 

No reproduction 
Few larvae alive 
Larvae died 


Lima beans 

Flax seed 

Ground dog food 
Seedless raisins 
Powdered skim milk 
Brewer's yeast 
Copra meal 

Gelatin 





summary is given with subheadings similar to those used 
in table 1 to facilitate comparisons between host associa- 
tions found in the survey for khapra beetles and the 
known food habits of 7. granarium based on results of 
laboratory tests, and for general comparisons with other 
species. Where any doubt exists on the status of a host 
material it is listed as a secondary rather than as a pri- 
mary host. Each host material has been listed under the 
heading considered most appropriate, and only once, al- 
though some materials might easily be placed in at least 
two categories—for example, garbanzos could be listed 
under both cereal grains and seed and grocery commodi- 
ties. Since Trogoderma adults live only a short time and 
are not known to feed, all reference to food habits is con- 
cerned with larvae. By comparing the known food habits 
of T. granarium as presented in table 3 with the host as- 
sociations listed in table 1, the areas where further efforts 
are needed on food studies with this species are seen read- 
ily. 

Seven species of Trogoderma (T. glabrum, T. granarium, 
l. grassmani, T. inclusum, T. parabile, T. simplex, and 
l’. sternale) have been reared successfully on ground bar- 
ley, ground corn, ground wheat, ground dog food, and 
laying mash in cultures of the University of California 
Department of Entomology Stored-Products Insects Lab- 
oratory at Riverside. This indicates that cereal grains and 
mixed animal feeds are primary hosts of these species, 
although only T. granarium and T. parabile have been in- 
cluded in laboratory studies to date. 

Comments.—In considering the distribution and host 


Primary Hosts 


SrEcONDARY Hosts 
Cereal Grains and Seeds 

Alfalfa seed 

Castor beans 
Cottonseed, fuzzy” 

Flax seed” 

Lima beans? 

Pinto beans” 


Barley 
Black-eyed beans 
Corn 
Garbanzos 
Lentils 
Oats 
Peas 
Rice 
Sorghum 
Soybeans 
Wheat 

Animal Feeds and Concentrates 
Alfalfa hay 
Beef blood, dried 
Copra meal 
Cottonseed meal 


Barley, rolled and ground 
Corn, ground 

Dog food, ground 

Oats, rolled 

Orange pulp, dried 

Rice, ground 

Wheat-bran, cracked, ground 


Dried Fruits and Nuts 
Dates 
Figs 
Peaches 


Almond meats 
Peanuts 
Pecan meats 
Walnut meats 
Pears 
Prunes 
Raisins 


urocery Commodities 

Barley cereal, pre-cooked for 
babies 

Chocolate, chips and powdered 

Corn cereal, pre-cooked for 
babies 

Egg noodles” 

Instant rice 

Nutmeg 

Skim milk, powdered? 


Bread 


Coconuts, dry 
Corn meal 


Crackers 

Flour, white and whole wheat 

Hominy grits 

Oatmeal, regular, instant, and 
pre-cooked for babies 

Pablum, pre-cooked mixed cer- 
eals 

Pearl barley 


Spaghetti> 


Sugar 

Tapioca 

Wheat germ 

Miscellaneous 
Brewer's yeast 
Wool yarn 





® Differentiating hosts as primary and secondary is entirely the responsibility 
of the authors of this paper and was based on conclusions drawn by them after a 
careful review of results from tests reported by Hopkins (1955), Lindgren e¢ al. 
(1955), Lindgren & Vincent (1959), and those found in table 2 of this paper. 

> Certain reported observations indicate that these materials may sometimes 
be considered as primary hosts. 


range of eight species of Trogoderma in California, one is 
impressed by the lack of information on Trogoderma as 
storage pests in the United States, and the need for bi- 
ology and control investigations on the eight species 
found in California is apparent from their recorded distri- 
bution and host associations. Furthermore, in the event of 
reintroduction of the khapra beetle after eradication, suf- 
ficient information on other species of Trogoderma should 
be available to aid inspectors in locating infestations of 
khapra more efficiently and taxonomists in making more 
rapid determination of specimens. 
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Control of Insects Injurious to Birdsfoot Trefoil in New York' 


R. L. Ringway and Grorce G. Gyrisco. Cornell University, Ithaca, New York 


ABSTRACT 


A series of three control experiments was conducted to evaluate 
the effectiveness of various insecticides for the control of insects 
injurious to birdsfoot trefoil, Lotus corniculatus L., grown for 
hay and seed. 

Of the materials tested for control of the lepidopterous leaf- 
roller, Sparaganothis xanthoides Walker, parathion at 0.5 lb. per 
acre was found to be highly effective and the most economical to 
use. 

The application of lindane at 0.25 lb. per acre for the control 


Birdsfoot trefoil, Lotus corniculatus L., has become an 
important perennial forage legume in much of the North- 
east, especially in areas inherently of low fertility and 
poor drainage. The increasing use of birdsfoot trefoil as a 
forage and seed crop and the recognition that a large 
number of injurious insects are associated with it in New 
York have led to the need for control measures applicable 
to that crop. 

The first extensive work in the United States concerned 
with insects injurious to birdsfoot trefoil was that of 
Neunzig & Gyrisco (1955), who reviewed earlier scattered 
reports of insects feeding on birdsfoot trefoil and gave an 
account of their research on the number of insects found 
to be injurious to birdsfoot trefoil in New York. Marshall 
(1951) noted that trefoil was one of the preferred hosts of 
the meadow spittlebug, Philaenus leucophthalmus (L.). 
Neunzig et al. (1958) reported results of studies with the 
alfalfa plant bug, Adelphocoris lineolatus (Goeze), and the 
tarnished plant bug, Lygus lineolaris (P. deB.), in which 


of the meadow spittlebug, Philaenus leucophthalmus (L.), re- 
sulted in significant increases in yields of forage and seed. 
Thiodan® (6,7,8,9,10, 10-hexachloro-1,5,5a,6,9,9a-hexahydro-6,9- 
methano-2,4,3-benzodioxathiepin-3-oxide) applied at the rate 
of 1.0 lb. per acre as a pre-bloom treatment also gave sig- 
nificant increases in yields of forage and seed. Parathion and 
aldrin applied at 1.0 lb. per acre as a pre-bloom treatment both 
gave significant increases in the number of legumes produced. 


they demonstrated that plant bugs could be responsible 
for blasting of flower buds and “bud drop” on birdsfoot 
trefoil, resulting in decreased seed yields. Ridgway & 
Gyrisco (1957) reported that various insecticidal treat- 
ments, on the average, resulted in significant increases in 
yields of seed from birdsfoot trefoil. MacCollom (1958), 
reporting on 2 years of study, found that early-season 
applications of insecticides with good residual properties 
resulted in significant increases in yields of seed. He sug- 
gested that the principal insects involved were the 
meadow spittlebug and several species of the family Miri- 
dae. 

This paper is a progress report of three field experi- 
ments that were designed to control the several species of 


! Presented at the Thirtieth Annual Meeting of the Eastern Branch of the 
Entomological Society of America held in Baltimore, Maryland, November 24 
and 25, 1958. Accepted for publication March 13, 1959. 

2 The authors acknowledge the assistance of H. H. Shorey, E. W. Huddleston, 
and S, W. Jacklin, 
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insects thought to be the most important in decreasing 
seed and forage yields of birdsfoot trefoil. 

Metrnops AND Marerrats.—Malathion, parathion, 
Phosdrin,® (1-methoxycarbonyl-1-propen-2-yl dimethyl] 
phosphate, 60% technical) endrin, aldrin, heptachlor, 
methoxychlor, lindane and Thiodan®(6,7,8,9,10,10-hexa- 
chloro -1,5,5a,6,9,9a-hexahydro-6,9 -methano-2,4,3 - benzo- 
dioxathiepin-3-oxide) were applied alone or in various 
combinations as emulsions to 20 X 50 foot plots that were 
randomized within blocks and replicated from three to 
six times (see tables 1 through 4). Each plot was sur- 
rounded by a 5-foot border strip and each block was sepa- 
rated by a 30-foot border strip to prevent contamination 
by drift. All the insecticides were applied with a truck- 
mounted, low presvure, low gallonage “Yellow Devil” 
sprayer at 40 p.s.i. of pressure at the rate of 20 gallons of 
spray per acre. The commercial sprayer had an 18-foot 
brush-type boom mounted with 11 No. 8002 T-jet noz- 
ales. 

Experiment 1.—The lepidopterous leafroller, Spargano- 
this zanthoides Walker, can cause extensive feeding dam- 
age to birdsfoot trefoil and can prevent pollination and 
legume setting by webbing of the terminals and blooms. 
A series of insecticides that were tested for the control of 
this caterpillar were applied on June 20, 1958, in a field of 
birdsfoot trefoil near Georgetown, New York. The in- 
secticides used, rates at which they were applied in 
pounds¥per acre, and means of the number of larvae 
counted in each of 2 square feet in each plot appear in 
table 1. Counts of caterpillars were made on June 23, 
1958, by arbitrarily selecting 2 square feet in each plot 
where trefoil was prevalent. The foliage was removed 
from each square foot and examined for the presence of 
leafrollers (see table 1). The differences between means 
were tested for significance using Tukey’s honestly sig- 
nificant difference test. Of all the insecticides tested, 
parathion and Phosdrin were outstanding. Although 
Phosdrin was as effective as parathion at the same dos- 
age level it is not economically competitive with the older 
established insecticide. The half-pound dosage appeared 
to be adequate for effective leafroller control. 

Experiment 2.—-The insects most likely to be responsible 
for decreased seed yields of birdsfoot trefoil are the 
meadow spittlebug and the various plant bugs. This ex- 


' Table 1.—Results of tests with various insecticides to 
control Sparganothis xanthoides. Georgetown, N. Y. 1958. 





PouNDs OF No. or LARVAE 
ACTUAL 
TOXICANT 
PER ACRE 


Transformed® Untransformed 
TREATMENT Means Means 

Phosdrin 0.0 

Parathion 1.0 71> 0.0 

Parathion 0.5 88> 0.27 
Methoxychlor 2.0 .62> 2.12 
Heptachlor 1.0 1.86» 2.96 
Endrin 0.25 2.40 5.26 
Heptachlor 0.5 10 9.11 
Malathion 1.0 3.32 10.25 
Untreated — .00 15.50 


0.5 7 





* The insect counts were transformed prior to statistical analysis by using the 


transformation ¥X+0.5 where X is the number of insects per plot. 


Significantly different from the untreated at the 5% level using Tukey’s 
honestly significant difference test. Tukey's D is 2.13. 


Ripaway & Gyrisco: LNsEcts INJuRIOUs TO BirpsFoot TREFOIL 837 


Table 2.—Control of tarnished plant bug with lindane 
and Thiodan on birdsfoot trefoil Aurora, N. Y. 1958. 








No. or TARNISHED 
PouNDs oF PLaNnt Bugs 
ACTUAL — _ 

TOXICANT Transformed Untransformed 
PER ACRE Means* Means 
Thiodan+lindane 1.0 0.25 3.26 10.13 
Thiodan 1.0 2.41 5.13 
Lindane 0.25 .42 19.04 





‘TREATMENT 


4 
Untreated - 4.82 22.75 





® Thiodan treatments resulted in decreases in the number of tarnished plant 
bugs according to the F test at the 5% level. The transformation as described 
in footnote ‘‘a” of table 1 was also used here. 


periment was directed primarily toward the control of 
these pests. The insecticides that were used were lindane 
and Thiodan at 0.25 lb. and 1 lb. per acre of actual toxi- 
cant, respectively. Lindane was selected for the control of 
the meadow spittlebug because it is a proven material for 
that purpose (Marshall 1951). Although Thiodan is not 
generally known as a particularly good material for plant 
bug control, its use in 1957 showed promise for increasing 
yields of birdsfoot trefoil (Ridgway & Gyrisco 1957), and 
it was used for that reason. The treatments (see table 2) 
and the untreated check formed a factorial arrangement. 
They were applied in fields of the varieties Empire and 
Viking. The lindane was applied on May 17, 1958, for 
control of the meadow spittlebug; the Thiodan was ap- 
plied on June 16, 1958, for control of plant bugs and other 
members of the insect complex. 

Spittlebug counts, which were taken on June 16, 1958, 
by counting the number of spittle masses present in a 
given unit area in each plot, indicated that the lindane 
application gave essentially complete control of the 
meadow spittlebug. 

Counts of tarnished plant bugs were taken on June 17, 
1958, by recording the number of insects taken in 50 
sweeps of a 15-inch diameter insect net from each plot. 
These data are presented in table 2. 

Yields of forage were taken on July 2, 1958, by cutting 
and weighing the foliage from a swath 39 inches wide and 
15 feet long in each plot. Yields of birdsfoot trefoil seed 
were taken on July 31, 1958, from a mowed swath 39 
inches wide and 30 feet long through the middle of each 
plot. The foliage was air dried and put through a custom- 
built, beating-type thresher, after which the seed was 
cleaned and weighed. The mean weights of the forage and 
seed yields from each treatment are included in table 3. 

The results of the statistical analysis indicate that for- 
age yields were increased significantly by treatment with 
lindane in early spring and by treatment with Thiodan in 
mid-June. The results also indicate that the same treat- 
ments gave significant increases in seed yields. 

Precise conclusions as to which insects of the insect 
complex were controlled by the applications of insecti- 
cides are difficult to make, but insect counts made during 
the course of the experiment showed that the insects pres- 
ent in the largest numbers in the untreated check were 
the meadow spittlebug and the tarnished plant bug. Lin- 
dane gave nearly complete control of the meadow spittle- 
bug and Thiodan gave effective control of the tarnished 
plant bug. Since these insects occurred in the largest num- 
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Table 3.—Forage and seed yields of birdsfoot trefoil to 
which lindane and Thiodan were applied.* Aurora, N. Y. 
1958. 





PouNDs OF 
AcTUAL 
TOXICANT 
PER ACRE 


MEAN YIELDs OF 


TREATMENT Forage” 


Seed* 


Thiodan+lindane 1.0 0.25 
Thiodan 1.0 
Lindane 0.25 
Untreated 


144 
91 
74 
58 


wm 1 1© 00 
Cam — 





® The forage and seed yields were significantly increased according to the F 
test at the 5% level. 

> Pounds (green weight) from a 39" X15’ strip per plot. 

© Grams from a 39" X30’ strip per plot. 


bers and were controlled, they were believed to have been 
responsible for most of the damage. 

Experiment 3.—This experiment was primarily con- 
cerned with the effects of pre-bloom insecticidal treat- 
ments upon the yield of birdsfoot trefoil seed. The in- 
secticides and rates that were used were selected because 
they are suggested frequently for the control of plant 
bugs (see table 4). The treatments were applied on June 
17, 1958, to a crop of birdsfoot trefoil of the variety 
Empire, which had just begun to bloom and which had 
been treated in early spring with toxaphene for control of 
the meadow spittlebug. 


Table 4.—Increases in number of legumes produced from 
insecticide applications to birdsfoot trefoil grown for seed 
production. Albany County, New York. 1958. 





Pounpbs or ActuaL MEan No. or Legumes 
TOXICANT PER ACRE IN 6 Sq. Fr./PiLor 


TREATMENT 


Parathion 1.0 665.08 
Aldrin 1.0 662.78 
Endrin 0.25 549.5 
Malathion 1.0 520.8 
Untreated - 392. 





® Significantly different from the untreated at the 5% level, using Tukey's 
h. s. d. test. Tukey’s D is 169.0. 
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Yields of birdsfoot trefoil seed were estimated on Au. 
gust 2, 1958, by counting the number of mature legumes 
in each of 6 square feet that were selected in a systematic 
manner in each plot. The means of these counts appear 
in table 4 with the respective treatments. The data were 
analyzed, and the differences between means were tested 
for significance using Tukey’s honestly significant differ. 
ence test. 

Applications of parathion and aldrin resulted in signif.- 
cant increases in the number of legumes produced. Treat- 
ments with malathion or endrin resulted in considerable 
increases in seed yield but variability in stand between 
some of these plots was too great to prove significance, 
However, it is believed that all of the insecticides tested 
are practical in controlling plant bugs in fields of birdsfoot 
trefoil grown for seed. The data presented here and other 
data collected in 1958 suggest that the use of numbers of 
legumes to determine seed yields offers a speedy and 
practical method of determining the effectiveness of in. 
secticides for increasing seed yields. 

Conc.usions.—From the work conducted to date, the 
data suggest to the birdsfoot trefoil seed producer an 
early spring application for control of the meadow spittle- 
bug and a pre-bloom treatment to control plant bugs and 
other insects of the insect complex. 
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Experiments on the Control of Fall Armyworm! in Sweet Corn 


Fioyp P. Harrison, Roperick M. Coan, and L. P. Ditman, Maryland Agricultural Experiment Station, 


College Park 


ABSTRACT 


In 1957 an experiment was conducted using granulated DDT 
for control of fall armyworm, Laphygma frugiperda (J. E. Smith). 
Treatments consisted of one to five weekly applications which 
did not give satisfactory control. 

In 1958 two experiments were conducted, one with granulated 
DDT and one with DDT emulsion sprays. More satisfactory 
control was obtained with granulated DDT in 1958 than in 
1957, but control was not reflected in yield or number of market- 
able ears as opposed to nubbins or ear size. In the experiment 
using DDT emulsion sprays, DDT remained constant in all 
treatments, and the volume of water was varied. One quart of 
DDT emulsifiable concentrate in 100 gallons of water was more 
effective than 1 quart in 50 or 25 gallons of water. 


One of the most discouraging factors in the production 
of late sweet corn in Maryland is the usual infestation of 
fall armyworm, Laphygma frugiperda (J. E. Smith). Lar- 
vae attack corn from the time the plants appear above 
ground until the ears are ready for harvest. Adequate 
insecticidal coverage, particularly of young rapidly grow- 
ing plants, is difficult to maintain. Brett (1953) and 
Blanchard et al. (1955) have demonstrated the effective- 
ness of DDT in controlling this insect. Because of a need 
for control methods that are economical and effective, 


1 Scientific Article No. A747, Contribution No. 2998 of the Maryland 
Agricultural Experiment Station, Department of Entomology. Accepted for 
publication March 10, 1959. 
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ble 1.—Treatment schedules, infestation of fall armyworm larvae during the period of weekly treatments, number of 
e, larval tunnels and yields of corn at harvest, treated with 20 pounds of granulated DDT (7.5%), 1957. 








TREATMENTS INFESTATION 


— —— SraLKs at —————— 


YIELD 
(Ls. 
PER 


STALKS 
TTUNNELED 


LARVAE/ 
(Larvag/100 PLants) 100 





8/28 9/4 





8/15 8/22 


8/29 9/5 9/12 


9/11 9/18 Harvest (ANGLE)* Ptror) 





29.2 
20.0 
x x 25.8 
4 x x 
* x 
y 





56.6 
44.2 
25.0 
38.4 
x - amen 
eM - - 


No treatment 


x 


x 


it 


X 
L.S.D. @ 1% level 


48.3 38. 15.9 34.80 14. 
38.§ $2. 15.0 30.63 17. 
25.8 20.2 12.5 31.98 18. 
32.4 17.5 7.5 28.91 15. 
25.8 18. 4.4 20.58 14. 
—_ 16. 2.5 16.72 15. 
11.12 n.s. 





§ Percentages transformed to angles for statistical analyses. 


several experiments were conducted in 1957 and 1958 at 
the Maryland Experiment Station for the control of this 
insect on sweet corn with DDT sprays and granulated 
formulations. 

In 1957 a randomized block experiment was carried out 
for preliminary evaluation of granulated DDT and to 
obtain information on the number of treatments required. 
Victory Golden sweet corn was planted July 15 in four- 
row plots 40 feet long. On August 15, when the plants 
were 6 to 8 inches high and infested with many small lar- 
vae, the first treatments were applied. Treatments con- 
sisted of one to five weekly applications (see table 1) of 
20 pounds of granulated DDT (7.5%) on 30-60 mesh 
Attaclay with a Gandy Hi-Or-Lo spreader-ette. From the 
beginning of treatment until harvest, fall armyworm 
populations remained at a fairly high level. Table 1 sum- 
marizes the results of this experiment. One row from each 
plot was harvested. It is apparent that treatment reduced 
infestation, but even in the plots receiving five treat- 
ments, the infestation level was only 57% lower than in 
the untreated check 1 week after the last treatment. At 
the time of harvest on October 3 the stalks from the har- 
vested rows were cut, stripped, and examined for live lar- 
vae and larval tunnels. A significant reduction occurred 
in number of tunnels but yields were not significantly in- 
creased by treatments. 

Two experiments were conducted in 1958, one with 
granulated DDT and one with DDT emulsion sprays. 
The experiment with granulated DDT was designed to 
compare number of applications, effectiveness of early 
versus last pretasseling applications, and to learn the 
effect of the treatments on yields under the 1958 popula- 


tion levels. Deep Gold sweet corn was planted July 1, 
1958. Plots in this experiment were 80 feet long and four 
rows wide. Infestation of plants by small larvae was first 
noticed about July 15. On July 26 when approximately 
50% of the plants were infested, the first treatments were 
applied. The treatment schedules are shown in table 2 
with a summary of the results of these treatments. Un- 
fortunately, weather conditions delayed an infestation 
count after the last applications until August 22, when 
there were too few larvae to reflect results of treatment. 
When silking began, all plots, including checks, were 
sprayed twice for corn earworm control. One row from 
-ach plot was harvested on September 18. At harvest the 
marketable ears were counted separately from the nub- 
bins, or small ears, to determine if the pretassel injury 
influenced yield, ear size, or number of unmarketable ears. 
Analysis of covariance indicated no effect of treatment 
on total yield or number and weight of marketable ears 
at the 1958 population levels. Neither was there an in- 
crease in the size of marketable ears. After the ears had 
been harvested a 25-plant sample was taken from each 
plot and examined for larvae and tunnels. Living larvae 
and tunnels were found in insignificant numbers in the 
stalks even from check plots. 

In the second experiment, DDT emulsion sprays were 
applied at the constant rate of 1 quart of 25% emulsifi- 
able concentrate per acre in varying amounts of water to 
determine if increasing the spray volume would increase 
control because of more complete whorl! penetration. The 
corn was planted on July 22; pretasseling applications of 
all treatments were made on August 2 and August 15 
when the plants were 2 and 3 feet high. After treatments 


Table 2.—Corn yields from plots treated for fall armyworm and average number of fall armyworm larvae per 100 plants 


in plots of sweet corn treated with 20 pounds of granulated DDT (7.5%), 1958. 














TREATMENTS APPLIED ON 


8/1 8/8 


eatment 


No. Larvar/100 PLANTS ON 


WEIGHT 
PER Ear 
(LB. ) 


PouNpDs Per Cent Goop Ears BY 
PER $$ —______—— 


Weight Number 


79.0 2. 0.49 
89. SO. 48 
i 9. 46 
81. 8 45 
70. 52. 44 
83. : 46 
79. f 44 


n.s. 8. n.s. 
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Table 3.—Fall armyworm infestation on sweet corn 
treated with 1 quart of 25% DDT emulsifiable concentrate 
in varying amounts of water.* 








INFESTATION ON 
Sept. 2 


INFESTATION ON 
Ava. 20 


Larvae/100 Per Cent 
Plants Reduction 
69.0 30. 
62.0 $7. 
59.0 40. 
99.5 - 


Larvae/100 Per Cent 
Plants Reduction 


WaTER 
(GALLONS) 
86.9 
$1.9 
93.4 


50 §.5 
100 .0 
Untreated 30.5 


25 0 





® Treatments applied August 2 and 15, 1958. 
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were completed counts were made to determine thc de. 
gree of control. The treatments and infestations are 
shown in table 3. One quart of DDT was slightly sore 
effective against larvae in the whorl when applied in 109 
gallons of water per acre than in 50 or 25 gallons. 
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Bioassays of Weathered Residues of Several 
Organophosphorus Insecticides! 


B. G. Hieutower, Texas Agricultural Experiment Station, College Station 


ABSTRACT 


Spray residues of Guthion® (O,0-dimethyl S-(4-oxo-3H-1,2,3- 
benzotriazine-3-methyl) phosphorodithioate), malathion, and 
methyl parathion on cotton plants were weathered by several 
natural or simulated climatological conditions and bioassayed 
with the boll weevil, Anthonomus grandis Boh. All the experi- 
ments were conducted in the laboratory. 

Exposure to temperatures above 100° F. for 4 to 6 hours during 
a 24-hour period had little or no effect on the residual toxicities 
of Guthion, malathion, or methyl parathion to the boll weevil. 


However, toxic residues of malathion and methyl parathion were 
affected adversely by exposure to high natural light intensities 
of the magnitude of 13,000 foot-candles at elevated tempera- 
tures. Residues of Guthion were affected adversely by simulated 
rain, but were not affected by high temperatures. 

Some data are presented indicating that organophosphorus 
and chlorinated hydrocarbon insecticides can be combined to 
increase the toxicity of the residues to the boll weevil. 





The effects of temperature and humidity variations, 
simulated wind and rain on toxic residues of Guthion,® 
(0,0-dimethyl S-(4-oxo-3H-1,2,3-benzotriazine-3-methy]) 
phosphorodithioate), malathion and methyl! parathion on 
cotton plants as determined by bioassay methods were 
reported by Hightower & Martin (1958). 

The object of the present study was to determine the 
effects of elevated temperatures and high natural light 
intensities on the residual toxicities of the above-men- 
tioned materials to the boll weevil, Anthonomus grandis 
Boh. Toxaphene and Sevin®(1-naphthyl-N-methyl car- 
bamate) were included in some of the tests for compari- 
son. Two experiments were conducted also to explore the 
possibility of using mixtures of organophosphorus and 
chlorinated hydrocarbon compounds to extend the period 
of insecticidal activity of the residues. 

MATERIALS AND Metuops.—All the experiments were 
conducted in the laboratory. Natural or simulated cli- 
matic conditions were used for weathering the residues, 
depending upon the nature of the experiment. The treated 
plants exposed to high temperatures were held in an un- 
insulated room with a metal roof for 24 hours. Tempera- 
tures rose to 100° to 110° F. for 4 to 6 hours during the 24- 
hour delay periods. The light intensities in the room var- 
ied from 500 to 800 foot-candles. Plants exposed to high 
natural light intensities were held outside the laboratory 
for 24 hours in an open-top cellulose acetate cage. 


Boll weevils were reared in the laboratory from field- 
collected cotton squares. The temperature in the rearing 
room was held constant at 85° F. The adult weevils were 
fed at least 3 days on white cotton blooms prior to each 
bioassay test. 

Commercial oil emulsion concentrates of all the insecti- 
cides, except Sevin, were diluted with water and applied 
as sprays to potted cotton plants. Sevin was applied as a 
suspension spray. The plants were passed through the 
spray at a speed of 5 m.p.h. by a turntable device. Two 
hollow-cone nozzles operating under a pressure of 60 p.s.i. 
delivered a volume of liquid equivalent to a field dosage 
of 5 gallons of spray per acre. Dosages were expressed in 
terms of pounds of toxicant per acre. 

In order to measure the weathering effects of the se- 
lected climatic factors acting on residues for a certain pe- 
riod of time, plants were treated and divided into the 
following categories: 

Immediate Release: Plants on which insects were re- 
leased 30 to 45 minutes after treatment. 

24-Hour Delay Control: Treated plants which were 
held for 24 hours in the laboratory at an average tempera- 
ture of 85° F., and an average relative humidity of 60% 


1 Technical Contribution No. 3175, Texas Agricultural Experiment Station 
in cooperation with Entomology Research Division, Agricultural Research 
Service, U. S. Department of Agriculture. Accepted for publication March 13, 
1959, 
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Table 1.—Effects of simulated rain and high natural light intensities at high temperatures on the residual toxicities 


of Guthion, Sevin, and toxaphene to the boll weevil.* 








———— 
= 


AVERAGE Per Cent Controw 


Per Cent Repvuction 1n Toxicity 





24-Hour Delay 





24-Hour Delay 


Additional Loss of Resid- 
ual Toxicity Owing to 


High Tem- ese Gna 


PouNbDs 
TREAT- ActTIVE IN- 
MENT GREDIENT/A. 


Immediate 
Release 


C vontrol 


Toxaphene 3.0 50 


Guthion 0.125 


perature; 
High Light 
Intensity 





Sevin 1.0 


High Teena 

ature; High 

0.5” Rain Control Light Intensity 0.5” "Rain 
26 18 


49 { 46 


0 











8 Environmental conditions during 24-hour exposure period: 
24-hour control and control plus 0.5 inch simulated rain. 
Temperature: Maximum 86° F., Minimum 70° F. 
Relative humidity: Maximum 92%, Minimum 66%. 


b Unbroken lines denote no significance by Duncan’s multiple range test. 


prior to the release of the weevils on them. Light intensi- 
ties in the holding room varied between 500 and 800 foot- 
candles. 

24-Hour Delay Plus Weathering: Plants which were 
exposed to the specified weathering conditions for all or 
part of the 24-hour prerelease period. 

Four plants were used for each treatment and the treat- 
ments were replicated four times in each experiment. Ten 
boll weevils were released on each plant. After the weevils 
were released on the plants, the caged plants were kept in 
the holding room at 85° F. An average percentage control 
based on the third-day mortality count was calculated by 
Abbott’s formula. An analysis of variance was made on 
each test and individual insecticide means under each 
weathering condition were compared by a multiple range 
test (Duncan, 1955). These comparisons are shown in the 
tables as horizonal lines under the average percentage 
control figures. Unbroken lines denote no statistical sig- 
nificance between means at the 5% level. 

Resu.tts.—E-xperiment 1: Although simulated rain 


24-hour delay including high natural light intensities at high temperatures. 
Temperature: Maximum 100° F., Minimum 76° F. 
Relative humidity: Maximum 96%, Minimum 46%. 
Maximum light intensities: 11,000-13,000 foot candles. 


drastically reduced the residual toxicity of Guthion, high 
natural light intensities with coincident elevated tempera- 
tures during the exposure period had no appreciable 
effects on the residues (table 1). Residues of Sevin, ap- 
plied at a dosage equivalent to 1 pound of toxicant per 
acre, remained equally toxic to the boll weevil under all 
the above described weathering conditions. The results 
obtained with toxaphene varied considerably among the 
replications. 

Experiment 2: High temperatures in the absence of 
bright sunlight did not reduce the residual toxicities of 
methyl parathion or malathion to the boll weevil (table 
2). Excellent kills were obtained in all instances after ex- 
posure of the residues to temperatures ranging from 100 
to 110° F. for 4 to 6 hours. The differences among the 
toxaphene treatments were not significant. 

Experiment 3: Toxic residues of malathion and methyl] 
parathion were affected adversely by a 24-hour exposure 
outside the laboratory during the month of August (table 
3). Maximum light intensities of about 13,000 foot-can- 


Table 2.—Effect of high temperature on the residual toxicities of methyl parathion, malathion, and toxaphene to 


the boll weevil.* 








AVERAGE Pe R C ENT CONTROL 


PouNnpbs 
ACTIVE 
INGREDIENT 
PER ACRE 


Immediate 
TREATMENT Release 


Teaphe ne 2.0 28 


Methyl parathion 0.2 


Malathion 0.: 


24- Hour Delay , : : 


Control 


Pe R Cent REDUCTION IN Toxterrs 


24- -Hour Delay 


Additional yam of 
High Residual Toxicity Ow- 
Temperature Control ing to High Temperature 


17 St 


l 





“Environmental conditions during 24-hour exposure period: 
24-hour control 
lemperature: Maximum 87° F., Minimum 82° F. 


Relative Humidity: Maximum 85%, Minimum 50%. 


24-hour high temperature 
Temperature: Maximum 110° F., Minimum 80° F. 
Relatiive humdity: Maximum 72%, Minimum 30%. 
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Table 3.—Effect of high natural light intensities on the residual toxicities of malathion, methyl parathion, and toxap iene 


to the boll weevil.* 








AVERAGE Per Cent ContrOL” 


PouNpDs 
ACTIVE 
INGREDIENT 
PER ACRE 


Immediate 


Release 


TREATMENT Control 


Toxaphene 38 


Malathion 


Methyl parathion 


24-Hour Delay 


High 
Temperature 
Control 


Per Cent Repuction in Toxi 


24-Hour Delay 
Additional Loss of Residual 
Toxicity Owing t: 
High 
Natural 
Light 
Intensities 


High Natural 
Lig! t 
Intensities 


High 
Temperature 


Control Control 


24 14 69 


jt 





® Environmental conditions during 24-hour exposure period: 
24-hour control 
Temperature: Maximum 86° F., Minimum 82° F. 
Relative humidity: Maximum 74%, Minimum 30%. 
24-hour high temperature control 
Temperature: Max 112° F., Min. 78° F. 


» Unbroken lines denote no significance by Duncan's multiple range test. 


Table 4.—Effect of a 24-hour exposure to outdoor tem- 
perature, humidity and light conditions on the residual 
toxicities of malathion and a mixture of malathion and 
toxaphene to the boll weevil. 





Per CENT 
REDUCTION 
IN Toxiciry 
PoUNDs AVERAGE Per CENT OwING TO 
Active IN- CoNTROL® 
GREDIENT 24- 
SPRAY PER Immediate 24-Hour Hour 
TREATMENT ACRE Release Delay Delay 


Experiment 4! 
Malathion 4 91 


Malathion 


+toxaphene 
Toxaphene 


Experiment 4' 
Malathion .25 87 


Malathion 


+toxaphene 


Toxaphene 





® Unbroken lines denote no significance by Duncan’s multiple range test. 
> Environmental conditions during 24-hour exposure period: 
Temperature: Maximum 91° F., Minimum 66° F. 
Relative humidity: Maximum 98%, Minimum 52%, 
Light intensities: 7,000 to 9,500 foot candles. 
© Environmental conditions during 24-hour exposure period: 
Temperature: Maximum 95° F., Minimum 68° F. 
Relative humidity: Maximum 98°, Minimum 35% 
Light intensities: 7,000 to 11,000 foot candles. 


Relative humidity: Maximum 79°, Minimum 82%. 

24-hour high temperature and high natural light intensities 
Temperature: Maximum 104° F., Minimum 76° F. 
Relative humidity: Maximum 98%, Minimum 40%. 
Light intensities: Maximum 13,000 foot candles. 


dles were recorded during these exposures. Maximum 
temperatures ranged from 90 to 104° F. Residues of these 
materials on treated plants under similar temperature 
and humidity conditions in the absence of bright sunlight 
were as toxic to weevils as the initial deposits of the in- 
secticides. /n spite of the relatively low kills obtained with 
toxaphene under all conditions, a reduction in residual 
toxicity by high light intensities at elevated temperatures 
was evident. 

Experiment 4: Experiments 4° and 4° were designed to 
determine the effect of a 24-hour exposure to outdoor 
temperature, humidity and light conditions on the resi- 
dues of a mixture of an organophosphorus compound, and 
toxaphene. Malathion was arbitrarily selected as a repre- 
sentative of the phosphate insecticides. 

When malathion was applied at a dosage equivalent to 
0.5 pound of toxicant per acre, the addition of toxaphene 
did not influence the outcome of the test (table 4). How- 
ever, when the dosage of malathion was reduced to the 
equivalent of 0.25 pound of toxicant per acre, the kills 
obtained on the residues of the mixture were considerably 
greater than those obtained on the malathion residues 
alone (table 4). Whether the higher light intensities en- 
countered during the latter experiment influenced these 
results is a matter of speculation. 
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The Spotted Lady Beetle, Coleomegilla maculata (De Geer), 
as a Predator of European Corn Borer Eggs' 


Martin S 


. Conran, University of Delaware, Newark 


ABSTRACT 


The spotted lady beetle, Coleomegilla maculata (De G.), is a 
known predator of the eggs of the European corn borer, Pyrausta 
nubila!is (Hbn.), but the actual extent of control had never been 
determined. The fecula of the spotted lady beetle and other 
predi itors found on corn plants were characterized and a method 
devised for collecting these pellets beneath the site of borer eggs. 
By examining the fecula, it could be determined whether this 
beetle had fed. In two different fields under observation 16.5 and 
15.3% of the eggs were fed upon. 


The spotted lady beetle, Coleomegilla maculata (De G.), 
is one of the commonest and most uniformly distributed 
insects in Delaware. The form which occurs here falls into 
Timberlake’s race leng?. It can be found readily on a great 
variety of plants, is present early in the spring, and main- 
tains a fairly high population late into the fall. Although 
its food preference is known to be variable, the extent of 
its host range has not been completely determined. Its 
recorded food consists of eggs of the European corn borer, 
Pyrausta nubilalis (Hbn.) (Baker et al. 1949); the pea 
aphid, Macrosiphum pisi (Harr.); melon aphid, Aphis 
gossypit Glov.; cabbage aphid, Brevicoryne brassicae 
(L.); currant aphid, Capitophorus ribis (L.); greenbug, 
Toxoptera graminum (Rond.); German grain aphid, prob- 
ably Macrosiphum granarium (Kby.); chinch bug, Blissus 
leucopterus (Say); eggs of the Colorado potato beetle, 
leptinotarsa decemlineata (Say); and of the bollworm, 
Heliothis zea (Boddie); larvae of the asparagus beetle, 
Crioceris asparagi (L.); and of the cottonwood leaf beetle, 
Chrysomela scripta F.; and corn pollen (Britton 1914). It 
has been reported by Cody (1927) to feed on the persim- 
mon psylla, Trioza diospyri (Ashm.); by Richardson 
(1915) on a syrphid fly Mesogramma polita Say; by 
Everly (1938) on a mirid Trigonotilus rubicornis (Geof- 
frey); and by Caffrey & Worthley (1927) on both a 
pentatomid Podisus placidus Uhl. and a reduviid Sinea 
diadema Fab. Folsom (1909) reported that it fed on 
coccinellid eggs and pupae, including eggs of its own kind, 
as well as on adults of Coccinella sanguinea Say. The 
latter observation seems to have been based on a mis- 
identification. He apparently meant Cycloneda munda 
(Say). 

The relative abundance of the spotted lady beetle, its 
frequent presence on corn plants, and the knowledge that 
it fed on European corn borer eggs, suggested that it 
might be an important factor in the biological control of 
the borer. With this in mind, a study was made of its 
habits, particularly of those in which it is associated with 
the European corn borer. 

Some investigators of the European corn borer have 
praised the spotted lady beetle highly as a destroyer of 
borer eggs, while others did not think it of great value. 
It was evident that either little attention had been paid 
to the spotted lady beetle as a predator or that its feeding 


Studies on food preference and potential egg consumption 
showed that the spotted lady beetle would feed only upon pollen, 
pea aphids, Macrosiphum pisi (Harr.), or eggs of the European 
corn borer, when these foods were on appropriate plants, in this 
case older corn leaves and alfalfa. It was found that the number 
of eggs an individual adult spotted lady beetle could consume 
averaged 59.4 per day. Temperature and rainfall had no sig- 
nificant effect upon feeding. 


habits fluctuated considerably from one area to another. 
Baker et al. (1949) credit it with destroying 50% of the 
eggs at Toledo, Ohio, while others have not been so 
specific. Crawford & Spencer (1922) indicate that it 
‘** |. . probably does more good than any other . . . ” and 
... Was repeatedly seen to eat every egg mass it 
found.”” Drake (1926) claimed that it occasionally fed 
on egg clusters. Huber et al. (1928) refer to it as devour- 
ing eggs, but felt that the percentage destroyed was prob- 
ably very small. Marston & Dibble (1930) and Caffrey & 
Worthley (1927) attribute frequent egg feeding to it. 
Several predators, including the spotted lady beetle, 
feed on the eggs of the European corn borer. Among 
these are the thirteen-spotted lady beetle, Hippodamia 
tridecimpunctata (L.); the convergent lady beetle, 
Hippodamia convergens Guer.; a small red mite Trom- 
bidium fuliginosum Koch (Bartholomai 1954); Orius 
insidiosus Say and Nabis ferus (Linn.) (Beard 1943); 
and the larvae of an elaterid 7 Mas aoe abbreviatus 
Say (Hawkins & Devitt 1953). Bartholomai (1954) also 
mentions that several species of thrips, chrysopids, and 
spiders feed upon eggs and larvae to a lesser extent. 
Early in the course of these studies it became evident 
that the larvae of the spotted lady beetle feed on corn 
borer eggs only to a minor extent. One reason is that this 
coccinellid apparently lays eggs only at sites of aphid 
colonies. } 


This apparent fact is supported by the ob- 
servation that larvae never were found on corn until the 
corn leaf aphid, Rhopalosiphum maidis (Ashm.), ap- 
peared. Another reason for the small amount of egg pre- 
dation by the larvae is their limited mobility. They com- 
mence moving about in search of other sources of food 
only when the aphid colonies become decimated. The 
larvae were observed feeding on corn borer eggs, but 
only after the corn leaf aphid had nearly disappeared. 
For this reason these studies were directed toward the 
activities of the adult. 


Meruops.—General Observations.—During the course 


1 Published as Miscellaneous Paper No. 330, with the approval of the Director 
of the Delaware Agricultural Experiment Station. Publication 298 and Scientific 
Article 214 of the Department of Entomology, January 30, 1959. Presented at 
the Thirtieth Annual Meeting of the Eastern Branch of the Entomological 
Society of America, held at Baltimore, Maryland, November 24 and 25, 1958. 
A portion of a thesis submitted in partial fulfillment of the requirements for the 
degree of Master of Seience at the University of Delaware. Accepted for publi- 
cation February 13, 1959. 
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of insect-pest-survey work, observations were made on 
the activities of the spotted lady beetle over the 2-year 
period 1957 and 1958. Notes on this beetle were made 
principally in fields of corn, alfalfa, and clovers. An aver- 
rage of 15 fields of corn were visited weekly between June 
1 and September 30 each year. 

Food Preference of Caged Adults—Field-collected 
spotted lady beetle adults were confined in cages and 
offered, as food, a choice of pea aphids, corn pollen, and 
European corn borer eggs. The pea aphids were collected 
in the field as needed. Corn pollen was collected from 
plants grown in the greenhouse. The borer eggs were 
obtained from an oviposition chamber constructed ac- 
cording to the description of Briand (1929). Aphids, eggs, 
and loose pollen were first placed in a small battery jar 
and a pair of spotted lady beetle adults introduced there- 
in. Later, pollen caked on a fragment of corn leaf was 
offered to the beetles. Several different arrangments of 
cages containing a small corn stalk with egg masses 
pinned to its leaves and a sprig of alfalfa containing pea 
aphids were tried. In one experiment, a cage was con- 
structed from two battery jars. One jar was filled with 
water and covered by a piece of corrugated paper pierced 
with two holes; a stalk of alfalfa bearing pea aphids was 
inserted in one hole and a seedling corn plant bearing 
European corn borer eggs was placed in the other. The 
second jar, inverted over the first, contained a pair of 
adult spotted lady beetles. In another experiment a card- 
board box, 12 in. X7 in. X4 in., was divided by a trans- 
verse partition and a pair of holes punctured through 
the bottom of each compartment. It was then placed 
over a pan of water and a leaf from a seedling corn plant 
and a stalk of alfalfa inserted through each pair of holes. 
The corn leaves each bore a European corn borer egg 
mass. The alfalfa stalk in one compartment bore pea 
aphids, the other did not. An adult spotted lady beetle 
was placed in each compartment and confined by a glass 
plate covering the box. In all these experiments, the 
feeding behavior of the beetles was observed for a mini- 
mum of 5 days. 

Artificial Infestation of Plants.—European corn borer 
larvae were collected from fields during the fall and winter 
of 1957. These overwintered in an outdoor cage and were 
taken into the greenhouse at Newark in April. The 
emerging adults were introduced into the oviposition 
chamber referred to above (Briand 1929), in which eggs 
were deposited on waxed paper. The egg masses were cut 
from the paper and the individual eggs counted. They 
were then placed on the adhesive surface of a } in. X6 in. 
strip of plastic adhesive tape. Six or seven masses were 
placed in a row on this tape in such a manner that none 
of the adhesive surface was exposed to interfere with 
feeding. This strip was taped to the undersurface of a 
blade of corn in a field at Newark and was then covered 
by a 5 in. X2 in. X1 in. cage constructed from 16-mesh 
wire screen in such a way that it could be attached to the 
leaf beneath the eggs. An adult spotted lady beetle was 
placed in the cage, to remain there throughout the experi- 
ment. Each day the strip of tape holding the egg masses 
was removed and replaced by a freshly constructed one. 
Each strip was examined under the microscrope, upon re- 
turn to the laboratory, to determine the number of eggs 


consumed. A maximum-minimum thermometer, the 
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upper surface of which was shaded to simulate cond tions 
existing beneath the leaf, was placed on a level wit: the 
cage and as close as possible to it. The temperature was 
recorded each day. Daily precipitation was determined 
by using an 8-in. rain guage. 

Natural Feeding in Corn Fields—Two corn fields, «bout 
5 miles apart, and both in the vicinity of potato fields 
heavily infested by first generation European corn }porer, 
were selected in Kent County for these observations. One 
was located near Pearson’s Corner and the other near 
Dover. As each European corn borer egg mass was lo. 
cated, the leaf bearing it was marked and a 3- by 5-inch 
index card was suspended under it by plastic strips (fig, 
1.). The cards, waterproofed by dipping in hot paraffin, 
were coated on the upper surface with a thin layer of 
tanglefoot to catch the fecal pellets of any predators 
feeding on the egg masses. The fields were visited twice a 
week to hunt egg masses, to place cards and to examine 
cards previously placed. As soon as an egg mass, under 
observation, had hatched or disappeared, the card be- 
neath it was removed and returned to the laboratory for 
examination. No more than three rows in either field 
were used in this study, since thus limiting the area 
facilitated return to all the marked leaves. 

Resutts.—Bionomics of the Spotted Lady Beetle in 
Delaware.—The adult is easily identified in the field (fig. 
2). The ground color varies from rose to crimson. A pair 
of black spots appears on the thorax and 10 black spots 
on the elytra, 2 of which are centered between the elytra. 
The prothorax is approximately 5 mm. long by 3 mm. 
wide. The larva has a ground color of creamy yellow, a 
pair of cocoa brown spots on each thoracic segment, and 
mottled brown and yellow patches on all the abdominal 
segments except the fourth, which is almost entirely 
yellow. 

It was found to overwinter as an adult either individ- 
ually under the bark of the American sycamore, Pla- 
tanus occidentalis L., under leaf sheaths of corn, or in 
aggregations at the base of trees and beneath rubbish. 
During the early spring it commonly was observed on 
the flowers of yellow rocket, Barbarea vulgaris R., and 
dandelion, Taraxacum officinale Weber. Later in the 
spring it established itself in clovers and alfalfa and dur- 
ing the summer months was found more or less abun- 
dantly on all crops in Delaware. The larvae, however, 
could not be found except in clover, alfalfa, and aphid- 
infested corn. The number of generations appeared to 
be from four to five a year. 

The only parasite of the spotted lady beetle according 
to Thompson (1943) is a braconid, Perilitus coccinellae 
(Schrank) which attacks only the adult, as far as is 
known. During the course of this study observations 
were made upon the*‘amount¥of parasitism in the field. 
At Pearson’s Corner in the first week of July 191 adult 
lady beetles were observed on 700 plants; three of these 
were obviously parasitized as they bore the characteristic 
cocoon of P. coccinellae between their legs. This indicated 
about 1% parasitism. Later in the season it became ap- 
parent that a greater percentage were parasitized, al- 
though no actual counts were made. Only P. coccinellae 
adults were reared from this material (Cushman 1922). 

Caged Feeding.—Observations on a caged adult of the 
spotted lady beetle indicate that it has a high predation 
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Fig. 1.—Cards suspended from corn leaves to collect fecula of the spotted lady beetle. 


potential on eggs (table 1.). During the 13 days of this 
experiment 713 eggs were consumed, an average of nearly 
60 a day, and it is probable that more would have been 
eaten had they been available. Neither temperature nor 
precipitation appeared to have any significant effects 
upon the number of eggs eaten. It was observed also, that 
the larger egg masses are seldom entirely consumed. 

Food Preference.—In these studies it was found that 
this lady beetle would not feed on corn pollen, pea aphids, 


Table 1.—Amount of feeding by one adult Coleomegilla 
Maculata on European corn borer eggs in a leaf cage on 
sweet corn, Newark, Delaware, 1958. 








PRECIPI- 
TATION 


No. oF TEMPERATURE (° C.) 
Eaes Se ee 
Date EATEN Max. Min. Mean 
June 11 i 36 21 28.5 
12 5é 37 18 27.5 
13 2a 38 21 29.5 
33 33 10 21.5 
31 25 10 17.5 
44 29 10 19.5 
75 30 8 19. 
63 31 11 21. 
45 32 15 23.5 
83 21 15 18. 
65 22 13 17.5 
2 78 29 11 20. 
; 2% 66 32 11 21.5 
Total 713 
Average 59.4 


—— 





*Two masses of eggs had hatched; 65 larvae were missing; 12 eggs were 
eaten, 


or European corn borer eggs when these were simply 
placed in the bottom of the cage. They did feed upon corn 
pollen when it was offered on a piece of a leaf from a corn 
plant that had reached the tassel stage. Also they fed 
freely on pea aphids when these were on alfalfa plants. 
At no time, however, did they feed upon corn borer egg 
masses located either on corn seedlings or on isolated 
leaves from corn seedlings. The beetles actually ap- 
peared to avoid contact with the corn seedlings. 

Natural Feeding.—A total of 436 egg masses was lo- 
cated in the two fields in Kent County and the tangle- 
foot-coated cards placed beneath them. By comparing 
cards containing the fecula of the spotted lady beetle with 
those free of pellets, the percentage of egg masses fed on 
could be ascertained. The presence of at least one fecal 
pellet of the spotted lady beetle on a card was taken as 


Fic. 2.—Adult and larva of the spotted lady beetle, 
Coleomegilla Maculata (De G.). 





JOURNAL OF Economic ENTOMOLOGY 


--- DOVER 
—— PEARSON'S CORNER 


PERCENT 





.e) 





4. 21 26.4 Tl 18 25 


JULY AUG 


WEEK BEGINNING 


Fic. 3.—Percentage of European corn borer egg masses fed on 
by the spotted lady beetle in corn fields at Dover and Pearson’s 
Corner during the summer of 1958. 


a positive evidence of feeding. The ratio of these positive 
cards to those cards showing no evidence of fecula was 
compiled twice a week and the percentage of eggs fed on 


computed and averaged on a weekly basis. These per- 
centages were taken for the fields under observation and 
plotted on a graph (fig. 3). On an average at Pearson's 
Corner and at Dover, of the tagged egg masses under 
observations, 16.5 and 15.3%, respectively, were fed on 
by this beetle. 

Discussion.—The method for determining the amount 
of feeding in the field originated from suggestions of S. W. 
Frost (1929). He states that the feculae of insects are a 
clear indication of their presence even after they have 
ceased feeding and have disappeared. Moreover, he in- 
dicated that the order and family can be determined by a 
critical examination of the color, texture, and size of the 
pellet. He further maintained that beetles, among others, 
discharge waste material soon after taking food because 
of their short digestive tract. Field observations of the 
fecal droppings of various insects tend to substantiate 
this. 

Bearing this in mind, a critical examination of the 
previously undescribed fecula of the spotted lady beetle 
was made. When first dropped they are irregular, elon- 
gate, and light brown. They contain a variable amount 
of pinkish curdlike material at the terminals and may 
have other small irregular patches of this same material 
scattered over the surface (fig. 4-A). With age they turn 
almost black, but the pink-tinged areas remain. The size 
varies from 0.75 to 1.1 mm. long by 0.25 to 0.32 mm. wide. 
The pellet of the larva (fig. 4-B) is similar, both in color 
and size. The only fecal pellet observed on corn which 
might be mistaken for these is that of the convergent 
lady beetle (fig. 4-C), but in this case the pellet is marked 
with irregular patches of white curdlike material. 

The number of fecal pellets found per card varied from 
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one to nine, but most commonly there were three to five. 
The number of pellets could probably serve as an in lica. 
tor of the relative number of eggs consumed in the = nass 
but the developing of such an index was not consi: ered 
during this work. 

In figure 3 a high incidence of feeding at Pearson’s 
Corner during the first week is indicated. This is followed 
by a rapid decline, a leveling off, another decline, « rise 
and then a sharp decline as borer-egg deposition finally 
subsided. The first decline is attributed to an increase 
in population of the corn leaf aphid and the second de. 
cline to the presence of pollen on the leaves. It has al- 
ready been pointed out that both of these are highly 
favored foods of this beetle. The marked difference be- 
tween the feeding curves of the two fields is in great part 
because of a difference in the stage of development of the 
plants. The corn at Pearson’s Corner was in the pre. 
tassel stage when the first-generation borer adults com. 
menced ovipositing, while the corn in the field at Dover 
was farther advanced, being well tasseled and with ears 
starting to form. 

Another major difference between the two fields was 
that the population of the spotted lady beetle at Pear. 
son’s Corner was higher (29 per 100 plants) than at 
Dover (3 per 100 plants) during the first few weeks of 
observation. As the season progressed, however, the 
population of these beetles tended to increase at Dover 
and to decrease at Pearson’s Corner. This fluctuation in 
density of the spotted lady beetle in the two fields pre- 
sents a problem that was not resolved. It seemed evident 
from the food preference tests that the presence of the egg 
masses on the corn was not the attractant factor. The 
stage of the corn, on the other hand, appeared to be an 
attractant stimulus. The European corn borer ordinarily 
is more attracted to corn in the pre-tassel stage for ovi- 
position than to the older corn. In this case, however, 


Fig. 4.—Fecula of lady beetles. A. Pellet of spotted lady beetle 

Coleomegilla maculata (De G.), adult. B. Pellet of spotted lady 

beetle larva. C. Pellet of convergent lady beetle, Hippodamia 
convergens (Guer.), adult. 
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they oviposited heavily on both the younger and older 
plants. This fact would indicate that the corn borer is not 
overly particular about its egg-laying site when its 
population is high, as it was in this case, and there is an 
acceptable host plant available. On the other hand, the 
spotted lady beetle appears to be more particular, and 
js attracted more to pre-tassel corn than to older plants. 
Thus the simultaneous appearance of borer eggs and 
spotted lady beetles on corn results from this beetle’s 
not being attracted to corn until it has attained the 
height at which it is most attractive for corn borer ovi- 
position. 

The amount of feeding on corn borer eggs by the 
spotted lady beetle was less than anticipated; only about 
16% of the egg masses were fed upon. The percentage of 
eggs actually consumed could not be determined by this 
method for, except in rare instances, the larger egg masses 
were not entirely consumed. The beetles have such a 
restless feeding habit that slight disturbances cause them 
to cease feeding and to fly away, seldom to return to the 
same egg Mass. 

Other species of insects were occasionally observed 
feeding on the egg masses. These were larvae of chryso- 
pids and an adult Orius sp. Adult chrysopids were not ob- 
served feeding on corn borer eggs but their eggs were ob- 
served on corn leaves early in the spring and the adults 
were very common all summer. A considerable number of 
the tanglefoot-coated cards contained their feculae, 
which are distinguished by a dark color and cylindrical 
shape. This fact suggests that they may feed on corn 
horer eggs, but such activity was never observed. 
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The Description of Insect Numbers! 


W. R. Henson? and R. W. Starx? 


ABSTRACT 


In economic entomology, particularly forest entomology, the 
description of insect numbers in absolute terms may be mislead- 
ing. The effect of an individual on its host varies tremendously 
between species and this gives rise to unwarranted comparisons 
within current systems. The insect-host relationship between 
Reeurvaria starki Freeman and Pinus contorta Dougl. is reviewed 
and used as an example in the erection of a three-class system 
for the description of insect numbers based on the effect of the 
Insect on its host. 


At the present time, a number of terms are used to de- 
vribe levels of insect abundance. Through repeated usage 
these gain general acceptance and a limited or standard 
meaning when applied to single insect species. However, 
because the same terms are applied to populations of 
many different insects, confusion exists with respect to 


their exact meanings. With the ever increasing interest in 
critical sampling and interpretation of sampling results 
in terms of population dynamics (Morris 1955), a de- 
scription of insect numbers based on biological grounds 
would be of value. 

Terms Usep.—In the literature of economic entomol- 
ogy, “epidemic” and its corollaries are used to describe a 
population of insects which, for some reason is considered 
to be of adverse economic effect. “Endemic” is used to 
describe a population which is of no current economic 
interest. ““Endemic’”’ is also used to describe an organism 
which is native to the area concerned (Benton & Werner 
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1958). Both terms are used in public health and other 
fields and both suffer from imprecision and overlapping 
meaning when applied to the results of numerical sam- 
pling. Indeed, their utility may to some extent depend on 
this imprecision when the terms are used in general dis- 
cussion. 

In the discussion of precise data, the concept of “den- 
sity” is frequently used. In its strict sense, “density” 
refers to the average number of objects in a unit of space. 
By custom however, the term has come to mean the 
number of animals in relation to the “available” space. 
The use of the term “‘density”’ in the wider sense is well 
established and there seems to be little objection to it. 
However, as Robertson & Sang (1944) have pointed out, 
the substrate is always to some extent heterogeneous and 
there are difficulties in the use of any measurement of 
density which depends on the use of absolute units of 
space. In view of such difficulties, the more neutral 
term “crowding” has been suggested by these authors 
but it seems difficult to interpret and to standardize. 

A further difficulty in the development of a terminology 
lies in the requirement that the same terms have similar 
meanings when applied to different species of insects. 
Certainly, it is impossible to regard the usual term 
“epidemic” as having a standard numerical or biological 
meaning. For instance, a population of 1,000 adult 
Pissodes strobi Peck per acre of white pine reproduction 
would be regarded as “epidemic.” On the other hand, a 
population of 1,000 Pineus strobi Htg. per acre of white 
pine reproduction would be regarded as “endemic” if 
indeed it could be detected at all. 

Recognition of this situation has repeatedly led to 
attempts to express insect population data in general 
terms. The most frequent attempts have been toward the 
development of frequency functions with respect to some 
unit of the substrate (Clarke 1954) (“‘density’’) or on an 
area basis (Henson 1954) (“absolute density”). Such ex- 
pressions do not describe the differing biological implica- 
tions of individuals of different species from the host 
standpoint. As the main interest in economic entomology 
is most often in the effect which populations have on 
their hosts, it would seem advisable to attempt to de- 
scribe insect numbers in terms of this effect. 

Insect Errect on Host.—Two possible criteria of 
insect effect on the host appear to warrant consideration. 
First, it should be possible to set limits of economically 
tolerable insect damage. If such limits were set, insect 
numbers could be expressed with respect to the numbers 
required to produce minimum intolerable damage. How- 
ever, because economic values change, such a system 
would be unstable and unrealistic. 

The second possible criterion would be the biological 
balance between the productivity of the host and the 
attrition of the host by the insect. Allee et al. (1949, p. 
245) point out that “In a sense, animals as a whole are 
broadly symbiotic in their relations with the plant king- 
dom... feeding on their surplus without doing them 
vital harm.” This must be true “in a sense” as evidenced 
by the continued co-existence of plants and animals. 
However, at least on a local level, vital harm does come 
to plants as the result of insects’ activities. 

As Clark (1927) pointed out some years ago, trees 
produce more leaves and more tissues of other sorts than 


JouRNAL OF Economic ENTOMOLOGY 


Vol. 52, No. 5 


are necessary for growth, survival and reproduction un. 
der average conditions. If insect attrition is limited to the 
comsumption of this “surplus,” no vital harm will be 
done to the hosts. An insect population which confined 
its depredations to the consumption of the surplus would 
be of importance in economic entomology only as a 
possible nucleus of a larger population or because of its 
nuisance value. 

The concept involved in the definition of this level of 
insect activity bears some relationship to the “carrying 
capacity,” a term used in grassland ecology and by Allee 
et al. (1949, p. 707) with reference to deer. “... The 
normal carrying capacity ... (a) number (which) does 
not damage the plant forage as do excessive population 
eruptions.”’ Clarke (1954) also used the same term and 
defines it as “the maximum standing crop that can 
maintain itself indefinitely in an area...” (italics ours), 

The most useful datum for our present purposes is that 
level of population which just balances the biological 
surplus productivity of the host. This population level 
would be species specific and also a specific characteristic 
of the stand under investigation. For the present pur- 
poses, the biological productivity of the host is considered 
to be just exceeded at the minimum level of insect attri- 
tion which results in the reduction of growth. 

The studies of Mott et al. (1957) on the effects of insect 
defoliation on balsam fir, tamarack, and lodgepole pine 
give reasonably precise techniques for assessing the in- 
fluence of defoliation on radial increment. From these and 
other studies, it is possible to calculate maximum de- 
foliation levels which do not affect the growth of host 
trees on a given site. 

Stark & Cook (1957) have calculated the amount of 
defoliation that would be caused by a series of populations 
of a lodgepole needle miner (Recurvaria starki Freeman) 
on lodgepole pine over a number of years. The relation- 
ship between rate of defoliation, time and population is 
illustrated by the family of curves presented in figure 1. 

In this diagram, insect densities are expressed in terms 
of numbers of insects per branch tip, a biological unit of 
the substrate rather than a unit of absolute area. From 
the graph, one may conclude that a population of 70 
or more larvae per tip will defoliate the trees completely if 
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Fig 1.—Theoretical defoliation of lodgepole pine with different 
intensities of needle miner attack. (Redrawn from Stark and 
Cook 1957.) 
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the population remains constant and if the same amount 
of foliage is produced each year. Populations of 60 per 
tip or less will continue to effect a constant level of de- 
foliation as long as the production of foliage is constant. 
At some level between 60 and 70 insects per tip, there is a 
balance between the production of needles by the trees 
and the depredations of the insects. 

Needless to say, the trees could not continue to pro- 
duce a supply of needles year after year under such con- 
ditions. A population which would just balance the 
physiological over-production of needles in this system 
would be considerably lower than 60 per tip. In lodgepole 
pine, growth is significantly reduced by 40% defoliation. 
No effect is detected at 10% defoliation (Stark & Cook 
1957). Radial increment is noticeably affected at 40 to 
50% defoliation (Mott et al. 1957). The largest popula- 
tion of needle miner which would not deplete the re- 
sources of the trees would thus be about 10 larvae per 
tip. Above this level, a smaller population would produce 
the same amount of defoliation after some years because 
the capacity of the tree to produce the same annual crop 
of needles would be compromised. 

CaTEGORIES OF PopuLATiIons.—On the basis of these 
findings, we may distinguish three general categories of 
populations: 

1. Populations that do not utilize the entire excess 
biological productivity of the host. Such populations may 
be called “Tolerable.” 

2. Populations that utilize more than the excess biolog- 
ical productivity of the host but less than the total pro- 
ductivity. Such populations may be called “Critical.” 
They imply a temporary situation since they must affect 
the host through the reduction of the annual output. If 
such populations are maintained over a period of time, 
the host’s productivity will decline. 

3. Populations that are depleting the host at a rate 
greater than the current rate of production. Such popula- 
tions reduce the host capital. They may persist for years 
but, ultimately, attrition destroys the host if the popula- 
tions remain constant. These populations may be called 
“[ntolerable.”” They represent self-destructive situations 
in which the death of the host is unavoidable if the popu- 
lations remain constant. A special case of intolerable 
population levels is experienced when a population reaches 
a level so high that the substrate is exhausted in less 
than the course of a single generation. In such a case, the 
insects starve. In some special cases such as that of de- 
foliators of broad leaf trees, the consequences of such 
extreme populations from the host standpoint are rela- 
tively favorable. Insect populations are reduced by 
starvation while the host can still recover from the ef- 
fects of a single defoliation. 

The terms are suggested because they seem to relate 
to the position of the substrate with respect to the insect 
population. Certainly a population which was consuming 
only the biological excess would be tolerable from the 
host’s viewpoint. A consumption which exceeded the 
substrate’s excess would be critical in any case and one 
which exceeded the total output would be intolerable. 

Tolerable Populations.—The relative levels of lodgepole 
needle miner populations which would correspond to 
these various categories may be derived from the pre- 
viously cited studies (Mott ef al. 1957, Stark & Cook 
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1957). Healthy trees produce about 75 needles each 
year on each growing terminal of the upper crown. Since 
sampling is based on branch ends each of which contains 
the growth of 5 years, the average size of the substrate 
unit is 375 needles. A “tolerable” population would be 
about 10 larvae per tip or fewer. Such a population has 
been found to effect about 10% defoliation over a period 
of years. No effect on the normal growth of the trees can 
be demonstrated for such populations. 

“Critical” populations would run from 10 to 60 larvae 
per tip. At these levels, a constant defoliation charac- 
teristic of each population is reached and maintained. In 
time, however, the productivity of the tree is reduced by 
the attrition. When this happens, the size of the popula- 
tion which would maintain a constant defoliation would 
be reduced. A constant population would have more and 
more effect on the tree until its depredations exceeded 
the reduced productivity of the tree. 

“Intolerable” populations would run above 60 larvae 
per tip. At these levels, the annual depredations of the in- 
sects would exceed the total productivity of the host. 
At a population of 150 per tip, the tree’s foliage would be 
exhausted before the development of the current popula- 
tion was completed. If a stand had sustained “critical” 
or “intolerable” populations in the years leading up to 
the development of the very high populations, fewer than 
150 larvae per tip might starve by exhausting the reduced 
reserves of the previously damaged trees. 

RELATIONSHIP BETWEEN Catecories.—A three di- 
mensional model which illustrates the relationship be- 
tween the categories of populations may be constructed. 
Such a model is presented in graphic form in figure 2. The 
tip size is shown to vary between 0 and 375 needles on the 
X axis. The number of larvae per tip between 0 and 60 is 
shown on the Y axis. Eight generations (16 years) are 
shown on the Z axis. 

The upper limit of tolerable populations is a surface ex- 
tending from the XY origin to Xg5, Yio. As the system 
represented is stable, there is no change in time and the 
surface is flat. The upper limit of critical populations is a 
surface which intersects the Zp plane along a line extend- 
ing from the origin to X75, Yoo. As time increases, the Y 
value for X75 decreases as an expression of the fact that 
these populations, inasmuch as they exceed the excess 
productivity of the tree would, in time, compromise the 
tree’s annual production. 

This model is characteristic of the stands for which it 
was constructed and certainly for the insect-host system 
which it represents. It is predictive only in the sense 
that it suggests the outcome of continued defoliation by 
constant populations. The nature of population dynamics 
in this insect has already been outlined (Stark 1956) and 
stable populations would certainly be unusual. The most 
basic parts of the model do have, nevertheless, some 
generality. These considerations pertain primarily to 
forest insect populations and may not be generally ap- 
plicable to fruit, field crop, or stored products insects. 

Categories of populations which would have quite 
general application could be erected with relation to the 
productivity of whole stands (on the basis of a unit of 
area). Such a model could be used to describe populations 
of defoliators by an extension of the type of calculations 
already presented. It could also be used to describe 
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populations of insects like bark beetles which cause 
isolated individual mortality by virtue of the fact that 
the expression of substrate size would be in units which 


comprised many individuals. By the same token, the 
model could be used to describe populations of insects 
such as terminal weevils which cause critical deformation 
of individual trees. In this case, the unit of substrate size 
would express the number and size of undamaged host 


individuals. 

If studies of the population dynamics of an insect 
made possible a predictive expression of the numbers- 
time relationship, such a finding could be applied directly 
within the frame of the present model. If the resultant 
surface representing an actual population intersected the 
boundaries of a population category, the implications 
from the standpoint of stand management would be im- 
mediate and powerful. 
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Chemical Control of the Onion Maggot in Onions Grown from Seed in 
Various Types of Soil in Northwestern North America in 1955 and 1956' 


D. G. Frnuayson,? H. H. Crowett,’ A. J. Howrrt,! D. R. Scort,® and A. J. Watz®:7 


ABSTRACT 


In duplicated experiments in 1955 in British Columbia, Idaho, 
Oregon, and Washington, the chlorinated hydrocarbons, dieldrin, 
heptachlor, and isodrin, however applied, gave economic control 
of the onion maggot (Hylemya antiqua (Meig.)) under irrigated 
conditions in the interior of British Columbia and Idaho, but 
malathion allowed as much damage as in the untreated plots. 
In western Washington and western Oregon, neither dieldrin nor 
heptachlor gave economic control, but isodrin and malathion 
warranted further investigation. In plots in which formaldehyde 
was dripped into the furrow against onion smut in Oregon muck 
soil, fewer seedlings emerged than in those for which the seed 
was treated with thiram. At three localities, where emulsible in- 
secticides were applied as drenches to the seed furrow, fewer 
seedlings emerged than where wettable powders and dusts were 


applied. At the fourth site this difference was not so apparent. 
In similar experiments in 1956 furrow and seed treatments, with 
dieldrin, endrin, and heptachlor allowed 0.8% maggot damage 
in onions in a sandy clay loam and 5.1% in a peat soil in the 
interior of British Columbia, but malathion gave no more pro- 
tection than plots left untreated. In muck soil in western Oregon, 
damage in the untreated plots was 47.3%, but malathion al- 
lowed only 4.2 to 7.7% loss and endrin 5.7 to 14.4%. The results 
indicate that soil types or conditions influence the effectiveness 
of insecticides markedly. In western Washington and in Idaho 
in 1956, none of the treatments were satisfactory, damage 
ranging from 75 to 100% and from 38 to 71% respectively; these 
results suggest at least that strains of the maggot resistant to 
these insecticides were developing. 


In the large onion-growing areas in North America, 
New York, Connecticut, Michigan, Wisconsin, Minne- 
sota, Idaho, Oregon, Washington, Quebec, Ontario, 
Manitoba and British Columbia, severe infestations of 
the onion maggot, Hylemya antiqua (Meig.), have occurred, 
the crop losses totaling millions of dollars. Since 1946, 
various degrees of economic control have been obtained 
with chlorinated hydrocarbon insecticides (McLeod 
1946, Rawlins & Newhall 1950, Finlayson & Handford 
1954, Peterson & Noetzel 1954, Tozloski 1954, Finlayson 
1957, Shirek 1957). However, in January 1955, at the 
14th Annual Northwest Vegetable Insect Conference at 
Portland, Oregon, discussion of the onion maggot prob- 
lem suggested that the effectiveness of the insecticides 
was decreasing in various districts of Washington and 
Oregon. It was pointed out that before 1953, in coastal 
Oregon, DDT and chlordane applied as drenches to the 
furrow with the seed were satisfactory. In Washington 
aldrin, heptachlor, chlordane and dieldrin were satisfac- 
tory in furrow, seed, and surface treatments until about 
the same period. In British Columbia and Idaho seed 
treatment with dieldrin and heptachlor were effective at 
least until the initiation of this investigation. 

A common experiment was therefore designed on the 
basis of the most effective insecticides and methods of 
application known in each of the four Pacific northwest 
areas: British Columbia, Idaho, Oregon, and Washington. 
The objectives were: (1) to investigate the factors caus- 
ing different results in the various areas and (2) to de- 
velop a common method of preventing damage by the 
maggot in the various soil types and under different cli- 
matic conditions. This is a report of the experiments 
conducted in 1955 and 1956. 

Marertats AND Metuops.—In 1955 the investiga- 
tion was conducted at four localities: Kamloops, British 
Columbia (sandy clay loam); Parma, Idaho (clay loam) ; 
Puyallup, Washington (clay loam); and Lake Labish, 
Oregon (muck soil). The experiment involved 16 insec- 
ticide and 1 fungicide treatment, and 1 untreated check, 
each replicated 5 times in a split-plot design. Half of each 
plot for the insecticide and fungicide treatments was 


treated with thiram at 2.0 oz. of toxicant per pound of 
seed for smut control (Larson & Walker 1953). The other 
half was left untreated except at Lake Labish, where 
formaldehyde was applied at 1 pint of solution per 20 
feet of row; the solution was prepared by mixing 1 pint 
of 37 to 40% formalin in 16 gal. of water. United States 
measurements were used in all cases. The untreated check 
did not receive either of the fungicide treatments. 

Each half-plot consisted of one row of onions 20 feet 
long. Seed was sown at 3.5 lb. per acre, or 0.96 grams per 
20 feet. This amount was calculated for rows spaced 16 
inches apart. All seeding was done with a rod-row, multi- 
ple-gear, V-belt seeder. The variety White Sweet Spanish 
was grown at Parma and Puyallup, and Oregon Yellow 
Danvers at Lake Labish and Kamloops. 

Dieldrin, heptachlor, isodrin, and malathion were 
applied as seed and as furrow treatments. Table 1 lists 
the formulations and the methods and rates of application. 

Seed treatments were applied by wetting weighed seed 
samples with water and mixing measured amounts of in- 
secticide and/or fungicide with the dampened seed until 
uniform coatings were achieved. 

Furrow treatments were applied in two ways: (1) as 
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Table 1.—Materials and methods and rates of application 
used in onion maggot experiments in the Pacific Northwest 
in 1955 and 1956." 





MATERIAL Meruop 1955 1956 
Dieldrin 
50% = (w.p.) seed 0.5 0.5 
seed — 1.0 
furrow 16.0 16.0 
furrow — 32.0 
1.5% (dust) furrow 16.0 - 
15% (emulsion) furrow 32.0 ~ 
Heptachlor 
25% (w.p.) seed 0.5 0.5 
seed — 1.0 
furrow 16.0 16.0 
furrow “= 32.0 
2.5% (dust) furrow 16.0 -- 
20% (emulsion) furrow 32.0 — 
Tsodrin 
25% (w.p.) seed 0.5 
furrow 16.0 
2.0% (dust) furrow 16.0 
16% (emulsion) furrow 32.0 
Endrin 
25% (w.p.) seed — 0.5 
seed 1.0 
furrow 16.0 
furrow 32.0 
Malathion 
25% (w.p.) seed 0.5 0.5 
seed — .0 
furrow 16.0 16.0 
furrow - 32.0 
4% (dust) furrow 16.0 - 
57% (emulsion) furrow 32.0 ~— 
Formaldehyde® furrow 1 pt. — 
Thiram (SFX)°¢ 
75% (w.p.) seed 2.0 2.0 





® The insecticides used at each locality came from the same mixture of each 
formulation. 

> Seed treatments, ounces of toxicant per pound of seed; furrow treatments, 
ounces per acre. 

e See “Materials and Met hods”’ for a discussion of the thiram and formalde- 
hyde treatments. 


dry applications with the seed and (2) as drenches. For 
a dry application, a dust or a wettable powder was spread 
uniformly over the seed in the V-belt of the seeder and 
sown simultaneously with the seed. For a drench applica- 
tion, the solution was prepared by mixing the emulsible 
concentrate in 1 pint of water, or in formaldehyde solu- 
tion in Oregon. The solution was gravity-fed from a 
rubber tube connected to a bottle suspended from the 
handle-bar of the seeder. The liquid spilled over the seed 
in the open trench just before the boot closed the furrow. 
Phytotoxicity of the chemicals was assessed in two 
ways. First, the effects of the chemicals on germination 
were appraised by counting the seedlings in each plot. 
This count was made about 20 days after approximately 
50% of the seedlings were in the loop stage. Secondly, the 
aerial parts of the onions were observed for phytotoxic 
symptoms throughout the period. 
Damage by the maggots was appraised at approxi- 











mately weekly intervals until the end of June and ai 10. 
day intervals from then until harvest. Affected plants, 
indicated by wilting, were pulled, examined to confirm 
the damage, and returned to the surface of the ground in 
the row where they had been growing. This practice 
allowed immature stages of the maggot to return to the 
soil. Percentage damage was calculated from the total 
numbers of damaged plants and seedlings. At harvest all 
remaining onions were pulled and examined for maggot 
injury. The sound onions were left for a week to cure, 
after which the yield was determined by weight in 
ounces. Data were collected from the full 20 feet of row. 

In 1956 several modifications were made to the above 
procedures. The investigation was conducted at five lo. 
cations: Kelowna, British Columbia (two sets of plots, 
one in peat soil and one in sandy clay loam); Parma, 
Idaho (clay loam); Lake Labish, Oregon (much soil); 
and Puyallup, Washington (clay loam). The plots were 
arranged in randomized blocks, in five replications. Each 
replicate had 16 insecticide treatments, 1 fungicide 
treatment and 1 untreated check. Thiram was used for all 
plots except the checks. Each plot consisted of three rows 
20 feet long. All records were made from the central row 
of each plot. Rate and method of seeding and varieties of 
onions were the same as in 1955. 

Wettable powders of the insecticides (endrin in place of 
isodrin because the manufacturer discontinued produc- 
tion) were applied as seed treatments and as dry furrow 
treatments. Formaldehyde was not used. Table 1 lists 
the formulations and methods and rates of application. 
Maggot damage was assessed as in 1955 except that the 
damaged onions were dropped between instead of in the 
rows. Phytotoxicity and yield were appraised as in 1955. 

Soil samples were taken from all sites in 1956 and ana- 
lysed. 

To determine the effects of the seed treatment on 
germination, 4 replicates of 25 seeds for each variety and 
for each treatment and rate were placed in closed petri 
dishes on 2 thicknesses of moist filter paper in a rearing 
cabinet at 75° F. and 70% relative humidity. Water was 
added when needed. 

Data on germination, emergence, damage, and yield 
were examined by analysis of variance and the multiple 
range test (Duncan 1955). Differences were considered 
significant when they exceeded the amount necessary at 
the 5% level. 

Resutts rn 1955.—Data for the 1955 experiments are 
presented in figure 1. There were no visible signs of 
phytotoxicity from any of the treatments. Significant 
differences between treatments and treatments and 
checks are dealt with by localities. 

Puyallup, Washington (fig. 1A).—Thiram-treated plots 
had a significantly greater number of seedlings and a 
higher percentage of maggot damage than those left 
untreated. Three isodrin treatments, the seed and the two 
dry furrow treatments, produced the greatest number of 
seedlings; those of the latter two were significantly greater 
than those of the untreated check. Drench applications 
caused a reduction in the number of seedlings. The num- 
ber of seedlings in the plots treated with isodrin by the 
drench method was significantly lower than those for all 
other treatments. Damage was heavy. Only six treat- 
ments allowed significantly less damage than the un- 
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ing) per 20 feet of row after various treatments against the onion maggot in 1955. (All seed used in the insecticide treatments was 
treated with thiram.) 


treated checks, and of these only the isodrin drench treat- 
ment could be considered to be approaching the level 
necessary for commercial control. Yields, except for the 
isodrin furrow treatments, were no better than that of 
the untreated check. 

Parma, Idaho (fig. 1B).—-The number of seedlings 
varied widely, but only in the plots treated with dieldrin 
dust were there significantly fewer than in the untreated 
plots. The number of seedlings was significantly higher 
where thiram was used than where it was not. Although 
the maggot infestation was not severe, 5.9% damage in 
the check, four treatments, isodrin drench and wettable 
powder furrow treatments and dieldrin wettable powder 
and dust furrow treatments, allowed significantly less 
damage than the untreated check. The yield of market- 


able onions ranged from 200.8 to 331.2 ounces but none 
differed significantly from the check. 

Lake Labish, Oregon (fig. 1C).—The number of seed- 
lings in the check plot was significantly greater than that 
of any other treatment. Thiram-treated plots produced 
significantly more seedlings than those receiving formal- 
dehyde. The furrow drench treatments had significantly 
fewer seedlings than those treated by the other methods. 
Damage ranged from 10.4 to 48.2%. Four treatments, 
three isodrin furrow treatments and the dieldrin seed 
treatment, allowed significantly less damage than the 
check. Yields varied greatly; only those for the four 
isodrin treatments were significantly greater than the 
checks. 


Kamloops, British Columbia (fig. 1D).—The numbers 
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of seedlings that emerged at this site were much smaller 
than at the other three localities. The drench treatments 
had significantly fewer seedlings than the untreated 
check. None of the other treatments had significantly 
more or less seedlings than the check. The percentage 
damage ranged from 0 to 50.4%. The chlorinated-hydro- 
carbon treatments, regardless of method, gave signifi- 
cantly more protection than the malathion treatments 
which did not differ significantly from the untreated 
checks. Yields were reduced but those recorded for iso- 
drin and heptachlor seed treatments and the furrow 
treatments with dust, were significantly higher than that 
produced in the untreated plots. 

Resutts 1x 1956.—Tests in the laboratory showed 
that under optimum conditions percentage germination 
of the seed was not significantly altered after the seed had 
been treated with dieldrin, endrin, heptachlor and mala- 
thion. Partial soil analyses (table 2) suggested no reasons 
for the differences in percentage damage in the control of 
the onion maggot at the various sites. Data for the ex- 
periments are shown in figure 2 and are reported below 
by locality. 

Parma, Idaho (fig. 2A).—There were no significant 
differences between any of the treatments in the numbers 
of seedlings and in percentage damage at mid-season.° 
However, by harvest damage ranged from 38.3 to 70.9%. 
Only two treatments, endrin seed and furrow treatments 
had significantly less damage than the checks. There 
were no differences in the yields between treatments nor 
between treatments and the check. 

Puyallup, Washington (fig. 2B).—Although the num- 
ber of seedlings ranged from 117.6 to 160.4, damage was 
so severe at this site that by harvest only two treatments 
had more than 3 ounces of marketable onions. The two 
treatments, endrin furrow treatments, allowed 75.5 and 
89.6°% damage. The remaining treatments had more than 
99% damage. 

Lake Labish, Oregon (Fig. 2C).—Endrin treatments 
had significantly more seedlings per plot than the check 
or the thiram treatment. At midseason all treatments, 
except the low rate of heptachlor applied to the furrow, 
had significantly less damage than the checks. At this 
time all treatments with endrin, dieldrin and malathion 
had at least 30% less damage than the checks. At harvest 
only five treatments, the four malathion treatments and 
the endrin furrow treatment at 32 ounces, had less than 
10% damage. None differed significantly from the other 
and all allowed significantly less damage than the check. 
There were no significant differences among the yields 


Table 2.—Components of soils in which onion maggot ex- 
periments were conducted in 1956. 
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for any of the treatments, the range of which was from 
200.8 to 365.4 ounces from 20 feet of row. 

Kelowna, British Columbia (sandy clay loam: fig. 2')), 
—Only the 0.5-ounce endrin seed-treated plots liad 
significantly more seedlings than the check. However, 
the plots of the endrin treatments produced significantly 
more seedlings than any of the other three insecticides, 
Maggot damage at midseason was not severe, only 16.6% 
in the untreated check. All treatments with the chior- 
inated hydrocarbons and malathion at 32 ounces allowed 
significantly less damage than the checks, but did not 
differ significantly from each other. At harvest the dam- 
age in the untreated and thiram-treated plots was 26,7 
and 31.4% respectively. Seed treatments of dieldrin at 
1.0 ounce and endrin at 0.5 ounce produced significantly 
higher yields of onions than that of the untreated check. 

Kelowna, British Columbia (peat soil: fig. 2E).—With 
the exception of dieldrin at 0.5 ounce, plots treated with 
the chlorinated hydrocarbons had significantly greater 
numbers of seedlings than that of the untreated check. 
Damage at midseason ranged from 0.7 to 80.1%. All 
treatments with endrin, dieldrin, and heptachlor and the 
malathion furrow treatment at 32 ounces allowed signi- 
ficantly less maggot damage than all other treatments. 
At harvest the same condition persisted. Malathion seed 
treatment at 0.5 ounce permitted significantly more 
damage than the untreated check both at midseason 
and at harvest. The yields from the plots treated with 
the chlorinated hydrocarbons, except those from dieldrin 
applied at 0.5 ounce differed significantly from those 
produced in all other treatments and from that of the 
untreated check. 

Discussion.—The results from the 2 years’ experi- 
ments showed that effective and economic control of 
onion maggots attacking onions grown from seed is still 
possible with malathion and endrin in the coastal Oregon 
area, and chlorinated hydrocarbons in the interior of 
British Columbia. The insecticides did not give commer- 
cial control in the areas tested in Washington and Idaho. 
An insecticide that allows more than 20 to 25% % damage 
by the onion maggot is considered of no value in commer- 
cial control. 

Seedling Emergence and Phytotoxicity.—Phytotoxic ef- 
fects similar to those reported by Finlayson (1952, 1957) 
were not evident for any of the treatments. At three lo- 
cations seedling emergence was retarded by the applica- 
tion of emulsions as a drench to the seed in the furrow. 
This was evident whether the seed was treated with 
thiram or not. Finlayson & Handford (1954) reported 
similar conditions in the interior of British Columbia in 
sandy clay loam using emulsions of aldrin, chlordane, 
DDT, and dieldrin. In both cases it is suspected that the 
solvent or solvents used in the emulsible concentrate are 
the factors hampering germination. In addition to a re- 
duction in the number of seedlings caused by emulsions, 
fewer seedlings emerged in the plots treated with for- 
maldehyde. Formaldehyde applied to dry soil has been 
known to cause reduced germination since it was first 
used in smut control some 50 years ago (Larson & Walker 
1953). Thiram and endrin permitted the emergence of 


8 A change in personnel (D. R. Scott succeeded A. J. Waltz) did not permit 
counts to be made in the early part of the summer. These are necessary to de- 
termine the number of seedllings and first generation maggot damage. 





SSDNNO ‘A131A 
o oO 


oOo 





Ll 
Mi did 


MN Sar . 
0°27 33S WVMIHL 

May IW 

o°ze MOU wna NOIHLV1¥W 





GOT 


: 
x 


MMMM 





via NOIHLV1¥N | 


CLAY LOAM 





SANDY CLAY LOAM 


MUCK SOIL 


‘ 


0°1°'G33S NOIHLV1VW 


A. PARMA 
B. PUYALLUP 
CLAY LOAM 


C. LAKE LABISH 
. KELOWNA 
PEAT SOIL 


D. KELOWNA 


E 





(All seed used in the insecticide treatments was 


N " 
$°0°033S NOIHLV1VW 
WU IL Db bb, 


MN MN 





o°ze‘mouans we ate alse 3H | 





e (solid bar), and yield of undamaged onions (dark hatch- 





o°9L MONNNA YOVHIVId 3H 
Wht yyy Yi VU B10 YMUMMEMODMOO 


MMM MMM MOON 








0°1°033S YOTHIVid 3H 
WU yyy, Caan i: 


MM ww . MMM 








s0'03 a Boa Bovrirh 3H | 


NWWwWwwuwwveou 








treated with thiram.) 


o°ze" went ISON | 
MI") NAA 0 


c 
< 
— 
ta 
Z 
© 
— 
Z. 
© 
= 
= 
i 
ro) 
S 
= 
e 
z 
i 
=- 
< 
v 
_ 
a 
= 
L 





O79 MONYN NIYONA 





Ma Ul Wi Yi 
MMMM MMA 
0°L°033S NIYGN3 
LLLLLZZ_ Gl 
MMMM MAAWWWWw" Ny 
s°0 asas Wee 
y yy WAM WHH#=@—"” "MMMM. W 














O'ZE MOM NISC) ad | 


‘INLAYSON ET AL. 


MMA Ww MMMM 





ool‘ MONNNS NIYGT 310 
Whitty 


WNONMAW 
0° 3 033s NIaa1 31d 





MMMW) MN 


Win 


INMMMM MMW INN y 


s*0° gaas NIdd1310 








=) ow Oo wo 
aA SA wn a = 
-_ 


Average numbers of seedlings (light hatching), percentage damag 


_ 


GS9VWVG S9VLN3S983d * 


) 


Fig. 2. 
ing 


per 20 feet of row after various treatments against the onion maggot in 1956. 


Ociober 195! 





856 


greater numbers of seedlings. Thiram as a fungicide pro- 
tects seedlings from damping-off and other seedlings 
diseases. Although the action of endrin is unknown to the 
authors, Richardson (1957, 1959) reported that endrin 
reduced root rot infection in barley seedlings, decreased 
early blight development in tomatoes, and reduced the 
severity of Fusarium wilt in tomatoes. 

Maggot Damage.—The 1955 results indicated that iso- 
drin and malathion would protect onions grown from seed 
against attacks by the onion maggot in coastal Oregon 
and Washington, and that the chlorinated hydrocarbons, 
dieldrin, heptachlor, and isodrin, would do the same in 
the interior. In trying to evaluate these findings, soil 
conditions and types of soil as well as soil properties were 
considered. In the 1956 trials soil analyses were com- 
pleted on soil types from all locations with the hope 
that the answer for discrepancies in the results would be 
explained. 

In coastal Oregon in a muck soil with a pH of 5.3 and 
an organic content of 22.6% the malathion and endrin 
treatments gave effective control, with malathion slightly 
better than the endrin. Dieldrin and heptachlor were, as 
in 1955, mediocre or not much better than the untreated 
check. In contrast to this in the interior of British Colum- 
bia, in a sandy clay loam with a pH of 6.5 and organic 
content of 3.2%, and in a peat soil with pH of 6.6 and 
organic content of 89.1%, 12 different treatments with 
dieldrin, endrin, and heptachlor were far superior to the 
malathion treatments. Moreover, the malathion treat- 
ment which allowed least damage in Oregon had the 
same amount of damage as the check, and a lighter ap- 
plication which allowed only 7.8% damage in Oregon 
had 84.3% in the peat soil in British Columbia. With 
these reversals in maggot damage it appeared that soil 
conditions might affect the efficiency of the insecticides. 

In view of the above results it was not unreasonable to 
assume that the results from Washington and Idaho 
would follow a similar trend. Although the soil types 
were the same, differences in pH were similar to those of 
Oregon and British Columbia. However, when the results 
on control of maggot damage were assessed this assump- 
tion was found to be wrong. The percentage damage in 
Washington reached 100% for 10 of the 16 insecticidal 
treatments. Only two treatments had less than 99% 
damage; these were endrin treatments which had 75.5 
and 89.6% damage. Although the results in Idaho were 
not quite so disappointing, the trend was the same. 
Heptachlor treatments which had shown some promise 
in 1955 had higher percentage damage than the untreated 
check. Again only the endrin treatments showed any de- 
gree of control and this was far from satisfactory. 

In the fall of 1956 reports from the various onion dis- 
tricts in Washington, Idaho and eastern Oregon indi- 
cated that control recommendations were no longer 
satisfactory for these areas. Chlordane treatments in 
the Walla Walla area in Washington, which had been 
used with good results for several years, did not give the 
required protection. In 1957 some farmers in Idaho and 
eastern Oregon, after experiencing heavy onion maggot 
population increases in the fall of 1956, lost high per- 
centages of their seedlings in the spring. 
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Similar conditions developed in Michigan. Guyer 
(1957) reported that an increased population in the fall 
of 1956 was followed by failures of recommended meas- 
ures which previously had been economically sound. He 
further stated that the condition was not localized but 
that the pattern persisted throughout the state. Wiscon- 
sin experienced a similar development at the same time. 

Workman (1958) has shown, in greenhouse experi- 
ments, that resistance to heptachlor has developed in 
onion maggots from two areas in Oregon. 

In view of the development of the above conditions 
it is evident that further investigation on the effects of 
soil types on soil insecticides is necessary to understand 
why insecticides are extremely efficient in one soil type 
and almost worthless in another. Further, that with the 
apparent breakdown of insecticide recommendations in 
areas where maggot damage previously had been con- 
trolled, research embracing the study of insecticide re- 
sistance in onion maggots must be continued. 
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Efficiency of Ethion in Oil Spray against California 
Red Scale and Citrus Red Mite! 


L. A. Rieat, J. P. LaDvg, and J. L. Roprievez, Jr., University of California Citrus Experiment Station, Riverside 


ABSTRACT 


Combinations of ethion with kerosene and medium-grade 
spray oil in aqueous mixture were tested in the laboratory. 
Ethion as the essential toxic agent of the kerosene mixture was 
very effective against eggs of nonresistant citrus red mites 
(Panonychus citri (McG.)). However, against eggs of citrus red 
mites resistant to organic phosphate insecticides there was a dif- 
ference of more than a 15-fold increase in the LDg;. In combina- 
tion with kerosene, malathion is more efficient than ethion 
against adult female California red scale (Aonidiella aurantii 
(Mask.)), but in combination with medium-grade spray oil ef- 
ficiencies of additions of ethion or malathion were comparable. 

Although the efficiency of a given deposit of spray oil is in- 
versely proportional to the density of the scale population, this 
factor is nullified by incorporating ethion or malathion in oil at 


a deposit level in the upper range of efficiency against independ- 
ent individual scale. 

The trial deposits of ethion and malathion in spray oil were 
very effective in preventing settling of newly born scale. The 
selected trial dosage of medium-grade spray oil was as effective 
against eggs of citrus red mites resistant to organic phosphate 
insecticides as against those of a nonresistant population. A 
direct relationship between efficiency and increasing concentra- 
tion of kerosene in aqueous mixture with a given concentration 
of ethion was found for adult female California red scale, but not 
for nonresistant citrus red mite eggs; however, a reduction in 
efficiency seemed to occur when the concentration of kerosene 
per 100 gallons of spray mixture was below 2 quarts for scale and 
1 pint for mite eggs. 





Results of trials with ethion against pests of deciduous 
fruits were reported by Dickinson (1958) and the acari- 
cidal and insecticidal activity discussed. 

In southern California, in general, a complex of pests 
must be considered in choosing a pest-control treatment 
for citrus. California red scale, Aonidiella aurantii 
(Mask.), and citrus red mite, Panonychus citri (McG.), 
are among the pests controlled by oil spray, and applica- 
tion timing is commonly arranged to coordinate control 
of both pests with a given application. Ebeling (1950, p. 
461) pointed out the decline in efficiency of oil spray 
against California red scale from the foliage and fruit to 
the bark of branches and limbs. Although oil spray is a 
very effective treatment against citrus red mite, a single 
application annually is usually not sufficient on lemon 
trees and may not hold on orange trees in certain dis- 
tricts. One application in the fall and another in the spring 
(Newcomb 1947) is common treatment for lemon trees. 
Adverse reactions of orange trees to oil spray applied in 
the winter and spring are discussed by Ebeling (1950, pp. 
161-2) and by Riehl et al. (1956). 

Addition of a toxicant to oil spray to improve its pest 
control efficiency has been common practice. Evaluation 
of malathion for the control of California red scale has 
been reported by Carman (1956), and malathion alone 
or in combination with oil spray is now widely used in 
southern California. (Malathion does not contribute to 
the control of the citrus red mite.) 

Resistance of the citrus red mite to organic phosphates 
was reported by Jeppson ef al. (1958); a resistance factor 
of six times was found for ethion (Bio 1240) against the 
adult stage. 

California red scales are viviparous. At birth the young 
scales have legs and are able to move about on the surface 
of the host plant for several hours while choosing a place 
to settle. The problems of spray coverage of a citrus tree 
are such that the efficiency of an insecticide against 
California red scale is enhanced by any residual activity 
of the deposit against scale crawlers or settlers. 

In making mortality counts during laboratory studies 


of the efficiency of rotenone in oil spray against California 
red scale, Lindgren et al. (1945) used only scales separated 
from each other by at least the width of a scale, the rea- 
son for this procedure being “that the effectiveness of an 
oil spray has been found to be inversely proportional to 
population density. Scales draw oil from the surface of 
the fruit immediately adjacent to their bodies, and if 
they are situated too closely together, there is less oil 
available per scale for any given amount applied per unit 
area.” Evidence presented by Riehl & LaDue (1952) 
demonstrates the direct relationship of mortality to in- 
creasing oil deposit. 

Available information indicated that the insecticidal 
efficiency of ethion against California red scale would be 
obtained principally in combination with oil spray. The 
experiments reported here were conducted to ascertain 
for adult female California red scale and for citrus red 
mite eggs (1) the LDg; values of ethion as the primary 
toxic agent when applied in combination with a petroleum 
fraction and (2) the amount of ethion required in the 
mixture to increase the kill of oil spray from approxi- 
mately 95 to 100%. Comparisons with malathion were 
used to estimate the performance of ethion in the field. 

MATERIALS AND Metuops.— Details of the experimen- 
tal procedures followed in these studies are given in 
sarlier papers by Riehl et al. (1952, 1953). 

The nonresistant mites were obtained from an aban- 
doned orange orchard near San Juan Capistrano which 
has not been treated for several years and which has 
never been treated with organic phosphate insecticides. 
The resistant mites were obtained from orchards in the 
Corona district having mite populations known to be 
highly resistant to organic phosphate insecticides (Jepp- 
son et al. 1958). 

For laboratory comparisons of the efficiencies of various 

! Paper No. 1140, University of California Citrus Experiment Station, River- 
side, California. Accepted for publication March 16, 1959. 

The pesticide chemicals discussed may not be used unless a tolerance has been 
established or an exemption from the requirement of a tolerance has been 


granted for each specific use, irrespective of the information contained in this 
report. 
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oils, it is usually preferable to restrict the mortality 
counts to scales at sufficient distances from one another 
so that each scale counted is an independent individual 
with respect to the available deposit of oil. However, 
this situation is not to be expected in the field, where 
infestations vary in density from isolated single indivi- 
duals to clusters in which scale coverings are overlapping. 
It is therefore interesting to investigate the relationship 
of population density to the efficiency of combinations of 
ethion and oil spray against California red scale. To in- 
sure an adequate infestation in the laboratory proce- 
dures, it is necessary to transfer a slight excess of scale 
crawlers from the banana squash to the grapefruit. For 
trials against high population densities, the scales on 
grapefruits were left unthinned, while for trials in which 
each scale counted constituted an independent indivi- 
dual, the scales were thinned in the manner described by 
Riehl & LaDue (1952). 

Under the rearing conditions in our laboratories, a new 
generation of young scales is born 38 to 40 days after the 
crawlers have been transferred to the grapefruit. The 
spray trials are applied at 36 days, and the mortality 
counts are made 21 days after the spray application. This 
interval is sufficient for scale crawlers to emerge and 
settle. The residual activity of the deposit against scale 
crawlers was measured by counting the live settlers per 
square centimeter at the time counts were made of the 
mortality of the adult female scale. 

The 95% technical grade of ethion and malathion was 
used. To determine the LD,; attributable to ethion or 
malathion used in combination with oil spray, it in pref- 
erable to use a petroleum fraction which in itself does not 
contribute to the efficiency of the spray beyond that of 
its function as a vehicle for depositing and distributing 
the toxicant. Kerosene with a boiling range of 360° to 
540° F. and a minimum unsulfonated residue of 92% 
was selected because it is a readily available petroleum 
fraction which by itself does not kill either California 
red scale or citrus red mite eggs. The kerosene was satu- 
rated with the dye Oil Red O used to determine the de- 
posits colorimetrically (Riehl et al. 1953). A concentra- 
tion of 10% ethion or malathion by volume was mixed 
with the dyed kerosene. The mixture of malathion and 
kerosene was not stable and had to be shaken vigorously 
each time a portion was taken to prepare a spray mixture. 
The kerosene containing the toxicant was applied in 
aqueous spray mixture; a series of concentrations were 
used to obtain a range of deposits. 

In addition to the objective of calculated data for the 
LD»; and the dosage-mortality line attributable to the 
ethion used in combination with kerosene in aqueous 
spray mixture, the efficiency of ethionas a supplement to 
a full dosage of a conventional spray oil for citrus pest 
control was of interest. A California medium-grade (Erb 
1932, Marshall 1932) emulsive spray oil was used at con- 
centration of oil just sufficient for mortalities in the range 
of 90% of citrus red mite eggs or of the thinned adult 
female California red scale. The concentration of oil was 
held constant and the concentration of the toxicant, 
ethion or malathion, varied in a series of spray mixture 
combinations to determine the approximate minimum 
amount of toxicant required to increase the kill from the 
level of 90% to that of 100%. 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 52, No. 5 


If the insecticidal efficiency of ethion against California 
red scale occurs principally in combination with oil spray 
would the concentration of oil be a factor? In the trials 
conducted with 10% ethion in kerosene for the dosage- 
mortality line, the concentrations of both the ethion and 
the kerosene varied as the dosage was increased in the 
series of spray mixtures. To provide information on the 
function of the concentration of oil, the amount of ethion 
required for the respective LD ; values for citrus red 
mite eggs or California red scale was held constant and 
the concentration of kerosene varied in a series of spray 
mixture combinations. 

Discussion oF Resutts.—The LD,; values of the 
solution of ethion or malathion in kerosene against eggs 
of citrus red mite collected from populations nonresistant 
or resistant to organic phosphate insecticides and against 
California red scale are given in table 1. While kerosene 
served to distribute the toxicant in relation to the test 
organism, the mortality was caused essentially by the 
toxicant. The data of table 1 show that ethion is highly 
efficient against eggs of the nonresistant citrus red mite; 
however, in comparison more than a 15-fold increase in 
deposit is required for the LD»; against eggs of the phos- 
phate-resistant population. While it is not unexpected, it 
is notable that in these trials against the egg we found re- 
sistance to ethion similar to that observed by Jeppson 
et al. (1958) for the adult. The term “inefficient” is used 
for the results with malathion, since no appreciable 
mortality of citrus red mite eggs occurred with deposits 
of malathion comparable with those of ethion. 

Comparison of the LD»; of ethion and malathion in 
kerosene against California red scale (table 1) indicates 
that per se malathion is more efficient than ethion against 
adult female California red scale. However, when the 
spray mixture was prepared with medium-grade spray 
oil, comparable increases in efficiency against California 
red scale occurred with additions of either ethion or mala- 
thion (table 2). 

Comparison of the data of tables 1 and 2 for scale in- 
dicates that ethion is more effective in combination with 
medium-grade spray oil than with kerosene. The per- 
centage kill of individual (hand-thinned) adult female 
California red scale (table 2) by a given dosage of spray oil 


Table 1.—LD,,; and probit analysis data of 10% ethion or 
malathion in kerosene for adult female California red scale 
and day-old eggs of citrus red mite. 





LDg;, IN 
MicroGramMs CONFIDENCE 


Propit ANALYsIs* 


Y=a+b(X—X) 


10% Mixture Limits 
(% LDss) 


Day-old eggs of nonresistant citrus red mites 
14.9 6.4 =3.97X+1.79299 
Inefficient 
Day-old eggs of resistant” citrus red mites 
256.7 20.6 =1.79X+2.33518 
Inefficient 


Ethion 
Malathion 


Ethion 
Malathion 


Adult female California red scales 
159.9 4.2 =3.75X —1.62494 


Ethion 
102.7 30.9 =1.67X +3. 29322 


Malathion 





* Y=probit value for percentage mortality; X =logio of deposit in micro- 
grams per sq. cm. fruit surface. 
> Resistant to organic phosphate insecticides. 
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Table 2.—Mean percentage mortality of day-old eggs of nonresistant and resistant citrus red mites and of adult female 
California red scales obtained with additions of various concentrations of ethion and malathion to a given concentration of 


California medium-grade spray oil. 








ETHION 


Ounces of Toxi- 
cant per 100 
Gallons of Oil 

Spray Mixture 


Per Cent 
Mortality 


Test SPECIES 
Mites 
Nonresistant 93.4 
99 .2 
99.6 
100.0 


Resistant® 


Seale 
Thinned 


- 
— 


Unthinned 


wi Orr 


~ 
~— 


Live Settlers 
per Sq. Cm. 





MALATHION 


Ounces of Toxi- 
cant per 100 
Gallons of Oil 

Spray Mixture 


Live Settlers 
per Sq. Cm. 


Per Cent 
Mortality 


38 
.64 
.28 
2.56 


5.12 


83.0 
99.6 
99.8 
99.6 
99.6 
100.0 


69.0 
99.3 
99.5 
100.0 
100.0 





' Resistant to organic phosphate insecticides, 


(90 uwg./sq. cm.) was increased from 84.6% to 100% by 
the addition of the equivalent of 0.38 ounce of ethion per 
100 gallons of mixture.*In comparison, the LDg; of scale 
of the solution of 10% €ethion in kerosene (table 1) re- 
presents the equivalent of a concentration of approxi- 
mately 13 ounces of ethion per 100 gallons, and the dosage 
of kerosene is about 10/7 that of the spray oil used in 
the trials reported in table 2. These results suggest a 
role spray oil might play in enhancing the contact of 
ethion with the scale. DeOng et al. (1927) demonstrated 
that kerosene and spray oil penetrate into the tracheae of 
California red scale and that the scale can expel the kero- 
sense but not the spray oil. Ethion is completely soluble 
in kerosene and spray oil and could enter the tracheae in 
solution. The ethion would be held in the tracheae by the 
spray oil producing an increase in efficiency. On the other 
hand, a greater deposit of ethion in kerosene is appar- 
ently required to counteract the ability of the scale to 
expel the solution from the tracheae. In comparison, it 
appears that application in combination with spray oil 
is more critical to the efficiency of ethion than to that of 
malathion against California red scale. 

In table 2 the concentration of medium-grade spray oil 
was selected to kill most but not all of the hand-thinned 
scales and was the same for the trials against the thinned 
and unthinned populations. As expected, the percentage 


kill of the oil alone (0 ounces of toxicant) was less for the 
unthinned scales than for the thinned scales. However, 
there was only a slight difference in the efficiency of com- 
binations of ethion and malathion with spray oil against 
thinned versus unthinned scales. The unthinned scales 
were left, as they had settled on the grapefruit, and the 
population density varied from single scale to clusters of 
scales with the coverings overlapping. Every scale was 
examined for the mortality counts. Ethion in oil seems to 
be slightly more efficient against thinned scales than 
against unthinned scales and this would agree with the 
hypothesis of penetration into the tracheae. 

Data for live scale settlers per square centimeter of 
fruit surface when the mortality counts of the adult 
females were made at 21 days after application are listed 
in table 2 for the various treatments. The results indicate 
the complete effectiveness of the deposits of ethion and 
malathion against the young scale which would have been 
able to settle and survive the effects of the given deposit 
of medium-grade spray oil. Efficacy against the young 
scale would contribute materially to the control efficiency 
of the treatment under field conditions. 

The results shown in table 2 indicate that the dosage of 
oil selected was as efficient against eggs of citrus red mites 
resistant to organic phosphate insecticides as against 
those of a nonresistant population. In combination with 
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spray oil, the addition of 0.38 ounces of ethion increased 
the kill of eggs of nonresistant mites from 93.4 to 99.2%. 
In comparison, an addition of eight times as much ethion 
(2.56 ounces) was required to obtain 99.2% kill of eggs of 
resistant mites. As expected, the spray trials conducte | 
for purposes of comparison show that combinations of 
ethion in oil spray are more efficient than those of mala- 
thion against citrus red mite eggs. 

Comparisons of the data for resistant citrus red mites 
(tables 1 and 2) indicate that ethion is much more efficient 
against the eggs in combination with medium-grade spray 
oil than with kerosene. The LD,; of 256.7 (table 1) repre- 
sents the equivalent of 20 ounces of ethion per 100 gallons 
of mixture, whereas in table 2, the percentage kill of the 
oil spray was increased from 90.3 to 96.39% by the addi- 
tion of 0.38 ounces of ethion per 100 gallons. Although the 
concentration of kerosene (table 1) was dependent on the 
ethion requirement, the comparative actual volume was 
relatively high and represented eight times that of the 
concentration of spray oil used in the trials against the 
mite eggs (table 2). Against eggs of nonresistant citrus 
red mites, comparisons indicate that the concentration 
of ethion required in the mixture is about five times as 
much in combination with kerosene as with medium- 
grade spray oil. In contrast to California red scale, avail- 
able information does not offer a ready hypothesis for the 
influence of petroleum molecular size on the efficiency of 
ethion against citrus red mite eggs. 

Results of studies of the relationship of increasing con- 
centrations of kerosene in the spray mixture to the 
efficiency of a given concentration of ethion against eggs 
of nonresistant citrus red mites and individual (hand- 
thinned) adult female California red scales are given in 
table 3. The data show a direct relationship between in- 
creasing concentrations of kerosene and efficiency against 
scale, but not against the mite eggs. A reduction in effici- 
ency seemed to occur when the concentration of kerosene 
per 100 gallons of spray mixture was below 1 pint for 
mite eggs and 2 quarts for scale. 
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Table 3.—Relation of concentration of kerosene in the 
spray mixture to the efficiency of a given concentration of 
ethion against day-old eggs of nonresistant citrus red mites 
and against thinned adult female California red scales. 





Per Centr Morvrauiry 


California Red 
Scale 


Citrus Red 
Mite 


13.0 Oz. Ethion 
100 Gal. 


1.3 Oz. Ethion 
100 Gal. 


CONCENTRATION KERO- 
SENE PER 100 GAL. 


None 99. 71.4 
*£ ounces 97. 

8 ounces 95. 

1 pint 100. 

1 quart 100. 

2 quarts a 

1 gallon 





Dickinson, B. C. 1958. Ethion, a promising new acaricide and 
insecticide. Jour. Econ. Ent. 51(3): 354-7. 

Ebeling, Walter. 1950. Subtropical entomology. Lithotype 
Process Co., San Francisco. 

Erb, L. W. 1932. California Dept. Agric., Div. Chem. Spee. 
Publ. Chart No. 4, California State Printing Office, 
Sacramento. 

Jeppson, L. R., M. J. Jesser, and J. O. Complin. 1958. Re- 
sistance of the citrus red mite to organic phosphates 
in California. Jour. Econ. Ent. 51(2): 232-3. 

Lindgren, D. L., J. P. LaDue, and R. C. Dickson. 1945. 
Laboratory studies with rotenone in oil sprays to 
control the California Econ. Ent. 
38(5): 567-72. 

Marshall, W. G. 1932. Economic poison decisions. In: Eco- 
nomic poisons, 1931-32. California Dept. Agric. Spec. 
Publ. 116: 7-8. 

Newcomb, D. A. 1947. Oil spray vs. fumigation. California 
Citrograph 32(5): 210-12. 

Riehl, L. A., F. A. Gunther, and R. L. Beier. 1953. Applica- 
tion of precision photoelectric colorimeter to deter- 
mination of oil deposit on laboratory-sprayed grape- 
fruit. Jour. Econ. Ent. 46(5): 743-50. 

Riehl, L. A., and J. P. LaDue. 1952. Evaluation of petroleum 
fractions against California red seale and citrus red 
mite. Advances in Chem. Ser. 7: 25-36. 

Riehl, L. A., R. T. Wedding, and J. L. Rodriguez, Jr. 1956. 
Effect of oil spray application timing on juice quality, 
yield, and size of Valencia oranges in a southern Cali- 

Kat. 49(3): 376-82. 


red scale. Jour. 


fornia orchard. Jour. Econ. 





Effects of Some Chlorinated Hydrocarbon Insecticides 
on Nematode Populations in Soils! 
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ABSTRACT 


DDT applied in the laboratory to a loam soil at the rate of 
600 and 1,000 Ibs./6” acre had no effect on nematodes 24 days 
after treatment, whereas lindane at 200 lbs./6” acre caused an 
85% reduction of the total population, a 99% reduction of 
Aphelenchus avenae and Acrobeloides spp., and an 85% reduction 
of Dorylaimus spp. These differences were all significant. 
Rhabditis spp. or Psilenchus spp. were not affected. 

Field investigations with heptachlor applied to a Carrington 
loam at 25 and 125 lbs./acre and aldrin at 25 lbs./acre showed 
that 5 weeks after treatment no significant effect on the nema- 
tode populations was obtained. 

Miami silt loam plots were treated with aldrin, DDT, and 
lindane in 1954 and investigated in 1957 and 1958 to study the 
long-term effects of these insecticides on nematode populations. 
Aldrin applied at rates up to 200 lbs./6” acre in 1954 (24.6 
lbs./aecre present in fall of 1957) had no effect. Significant dif- 
ferences in nematode populations were found between the un- 
treated soils and the plots that had been treated with DDT at a 


rate of 1,000 Ibs./6” acre in 1954 (604 lbs./acre present in the 
fall of 1957) and lindane at 100 lbs./6” acre in 1954 (33.5 lbs. 
in the fall of 1957). The lower rates of application had no effect. 

A saprophagous species Chiloplacus symmetricus was always 
significantly more numerous on both the DDT-treated (1,000 
Ibs./acre) and lindane-treated (100 Ibs./acre) plots. Nematodes 
of the order Tylenchida were not numerous on the lindane- 
treated plot. 

From these investigations it seems that only some chlorinated 
hydrocarbon insecticides or their breakdown products influence 
nematode populations as a result of their direct or indirect effect 
on certain species or groups. Saprophagous species were often 
increased in number. Parasitic nematodes were often reduced 
slightly in numbers, but as few were found it was impossible to 
draw any conclusion. 

Under field conditions, however, the nematode population was 
not seriously affected by the insecticides. 





Although it has been established that accumulations 
of some of the chlorinated hydrocarbon group of insecti- 
cides or their breakdown products occur in the soil 
(Chisholm et al. 1951, Ginsburg 1955, Lichtenstein 1957) 
or persist over a relative long time (Lichtenstein & 
Schulz 1959, Lichtenstein & Polivka 1959), little is known 
of their effect upon the biological complex in the soil. 
Nematodes form a part of this complex, and in recent 
years we have become more aware of their importance. 
Some are obligate plant parasites, other are facultative 
parasites, and many are either saprophagous or preda- 
ceous. Some, therefore, perform a useful function and 
others reduce yields by their persistent attacks upon 
crops. 

Insecticides have been used in an attempt to control 
specific nematodes, but the effect of these insecticides or 
their breakdown products upon the whole nematode 
group has received little attention. Grigor’eva (1952) 
found increased numbers of nematodes after treatment 
with 4 to 26 lbs./aere of BHC dust and Stockli (1952) also 
found increased numbers after treatment with DDT ap- 
plied at the rate of 489 lbs./acre. The numbers were 
further increased 30 days later. BHC applied at 350 lbs./ 
acre did not affect the nematode population. Satchell 
(1955) concludes no evidence has been found of wholesale 
or permanent destruction of soil fauna where DDT or 
BHC have been used at normal field rates of application. 
Clayton & Ellis (1947) found that BHC at 645 lbs./acre 
produced phytotoxie effects on plants but had no effect 
on incidence of rootknot nematodes. Adams (1955) was 
the first to record that BHC improved tree growth by re- 
ducing the numbers of Xiphinema, which may be the 
agent causing apple decline. It appeared, therefore, that 
insecticides might be effective against certain groups of 
nematodes. 

The investigations reported herein were conducted to 
secure information on the short- and long-term effects of 


insecticide residues in agricultural soils on the different 
species and groups of nematodes. 

Mertuops anD Marteriats.—To study the persistence 
and disappearance of chlorinated hydrocarbons, a Miami 
silt loam was treated in the spring of 1954 with aldrin at 
2, 20, and 200 lbs. /acre; lindane at 1, 10, and 100 lbs. 
acre; and DDT at 10, 100, and 1,000 Ibs. /acre. 

The experimental field was divided into 12 plots, each 
29 ft. 100 ft. with a 15-ft. buffer strip between. Nine of 
the plots were treated with the insecticides listed above, 
three were left untreated as check plots. Insecticides were 
sprayed in an emulsion form and rototilled in to a depth of 
t to 5 inches. After treatment, each plot was divided into 
two equal parts. One part was planted with various crops 
and the other was kept in fallow. For insecticide residue 
determinations, the experimental plots were analyzed 
periodically by specific chemical methods and bioassay 
procedures, to establish depletion curves (Lichtenstein & 
Schulz 1959). 

For nematode investigations 40 cores per plot were 
taken from a grid pattern to a depth of 8 inches using a 
soil auger with a ?-inch diameter. When samples were 
being taken to determine the vertical distribution of 
nematodes in the Miami silt loam plots, the sampling 
depth was 9 inches and each core was equally divided 
into three layers (1 to 3 inches, 4 to 6 inches, and 7 to 9 
inches inclusive). 
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titled “‘Fundamental problems associated with the accumulation of pesticidal 
chemicals in soils.” 
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The bulk samples were passed through a }-inch sieve 
and thoroughly mixed before being placed in cold storage 
until the nematodes were extracted. 

Five hundred grams of field moist soil were used for 
nematode extraction from the Miami silt loam samples 
when cores to a depth of 8 inches had been taken. In all 
other cases the nematodes were extracted from 250 gms. 
field moist soil taken from the composite sample. 

As soil moisture, organic matter content, and pH might 
influence nematode populations, determination of these 
factors was made using standard procedures. 

The Cobb (1918) sifting and gravity method as modi- 
fied by Christie & Perry (1951) was used in obtaining the 
nematodes: after thorough mixing the sample was placed 
in a 10” enamel basin with the soil 3” deep, covered with 
water and mixed until the soil particles were broken down. 
The muddy mixture was passed through a 10-mesh sieve 
into a second basin. The sediment left in the first basin 
was discarded. The whole process was repeated using 25-, 
50-. 100-, and 200-mesh sieves (the 200-mesh sieve was 
used twice). 

The stem of a funnel was closed with rubber tubing and 
a clip and filled with water. The residues on the sieves 
from 25 to 200 mesh were collected in a beaker that was 
covered with cotton sheeting, secured with a rubber band, 
and inverted into this funnel so that the water was above 
the opening of the inverted beaker. After 24 hours the 
nematodes had passed through the cotton and accumu- 
lated in the stem of the funnel. One hundred mls. of the 
water in the funnel were drawn off into a beaker and the 
nematodes present counted. This was done in a Syracuse 
watch glass which had been divided radially into 12 equal 
segments, each segment being subdivided to simplify 
counting under a stereoscopic microscope. 

IpENTIFICATION.—T wo lots of 50 nematodes each were 
taken from a collection by selecting them from random 
segments of the watch glass. 

From these two samples the total number of nematodes 
present in each genus was calculated. The multiplication 
factor was obtained by dividing the total nematodes 
present in the sample by 50. 

The short-term effects of DDT and lindane on nema- 
tode populations in a Miami silt loam were studied in the 
laboratory. Known amounts of insecticides in an acetone 
solution were pipetted onto the soil within a wide mouth 
glass jar. Thereafter, the soil was mixed by rolling hori- 
zontally in a tumbling machine for half an hour. The ace- 
tone was evaporated by passing a slight air stream over 
the soil. DDT was used at 500 p.p.m. (approximately 
1,000 lbs./6” acre) and 300 p.p.m. (approximately 600 
lbs./6” acre) and lindane at 100 p.p.m. (approximately 
200 Ibs./6” acre). Checks were treated with solvent only. 

To have plant growth in the experimental soils, peas 
were first germinated in quartz sand and then trans- 
planted into the treated soils. The pots were watered to 
keep the soil moist. 

Short-term effects of heavy applications of heptachlor 
and aldrin in a Carrington loam under field conditions 
were investigated. Heptachlor at 25 and 125 lbs./acre and 
aldrin at 25 |bs./acre were applied in an emulsion form to 
the experimental plots, the dilute emulsion being watered 
on in strips and then rototilled in to a depth of 4 to 5 
inches. Solvent-emulsifier solutions, not containing any 
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insecticide, were applied to the “check’’ plots. Additions! 
untreated areas were used as controls. 

Resuits.—Nematode Populations in Planted Areas, 3: 
Years after Soil Treatments.—Investigations were first car- 
ried out on all the planted areas of the Miami silt loain 
plots. The moisture content (about 17%), organic matter 
content (2.8%), and pH (7.2) were fairly uniform. Nema- 
tode counts made on those plots are shown in table 1, 
Nematode species present in the Miami silt loam are 
listed in table 2. Only in those plots treated with DDT at 
1,000 Ibs./acre (contained 604 lbs./acre at time of sam- 
pling) and lindane at 100 Ibs./acre (contained 33.5 Ibs. / 
acre when sampled) were the populations such as to sug- 
gest any change might have been caused by the insecti- 
cides or their breakdown products. 

The plot treated with lindane at 100 Ibs./acre showed 
a two-third reduction of nematodes of the order Tylen- 
chida. In the plot treated with DDT at 100 Ibs. /acre 
numbers of Dorylaimus sp. were low (5 compared with 68 
in check). The saprophagous forms Eucephalobus sp. (184 
compared with 60 in check) and Chiloplacus symmetricus 
(124 compared with 16 in check) were numerous. 

Nematode Populations in Fallow Areas 34 Years after 
Treatment with DDT and Lindane.—As the only dif. 
ferences in nematode populations in the planted areas 
were found in those plots that had received high applica- 
tion rates of DDT and lindane, further studies of those 
plots were conducted and laboratory experiments were 
made where DDT and lindane at high concentrations 
were used. 

Samples were examined from the fallow areas of the 
DDT (1,000 Ibs./acre) and lindane (100  Ibs./acre) 
treated plots as well as from three check plots. The results 
are summarized in figure 1. 


Aphelenchus ovence Tylenchus spp. Pratylenchus spp 


“ath, dhe. 


Order Tylenchide 


ht. 
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| I oi. r 


Eucephelobus spp Doryiaimus spp 


sul 
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SOOgms 


Ciiloplacus = symmetricus 


Total nematodes 
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Fig. 1.—Nematodes found in the fallow areas of a Miami silt 

loam 33 years after treatment with DDT and lindane. C,, Cs, 

C;=untreated plots. Application rates: D=DDT 1,000 lbs./6" 
acre. L=Lindane 100 lbs./6" acre. 
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Table 1.—Nematodes found per 500 grams of soil of the planted areas of Miami silt loam plots 34 years after treatment 
with DDT, lindane, and aldrin in the spring of 1954. 








PLot* 





A20 A200 D10 D100 =p1000~—=—LI L10 L100 


NEMATODES 








Insecticide present fall of 1957 
(Ibs./6” A.) 0.3 24.6 3.2 48.0 604.0 0 19 33.5 


Rhabditis ‘ d Y 39 30 14 22 9 164 64 49 
Panagrolaimus 6 5 4 
Eucephalobus 99 134 11 132 184 59 40 17 
Acrobeloides 12 9 11 8 
Acrobeles 5 

Chiloplacus 2 ‘ 14 18 124 38 84 
Tylenchus 3 ‘ ‘ } ; 2] 21 12 32 q 7 
Tylenchorhynchus 
Psilenchus 
Ditylenchus 
Helicotylenchus 
Pratylenchus 
Nothotylenchus 
Boleodorus 
Pratylenchus 
Aphelenchus 
Aphelenchoides 
Plectus 
Mononchus 
Dorylaimus 
Discolaimus 
Discolaimium 
Pungentus 
Tylencholaimus 
Niphinema 
Dorylaimellus 


Diphtherophora 
Total 53s 503 813 28 3: 454 


10 


7 12 


u 





CK 1, 2, 3=Untreated plots. 
42, A20, A200 =Aldrin applied at 2 Ibs., 20 Ibs., 200 Ibs. per 6” acre. 
D10, D100, D1000 =DDT applied at 10 Ibs., 100 Ibs., and 1,000 Ibs., per 6” acre. 
L.1, L10, L100 =Lindane applied at 1 Ib., 10 Ibs., 100 Ibs. per 6” acre. 


The total nematode population shows a 3-fold increase ‘ APHELENCHUS AVENAE 
on the DDT treated plot which is highly significant, as 
well as a 16-fold increase in the numbers of Chiloplacus. | 
Also, Chiloplacus showed a significant increase on the 0 fe... 2s in - 
lindane-treated plot, where at the same time significantly 
low numbers of nematodes in the order Tylenchida were 


U PHALOBU PP 
found. EUCEPH BUS §S 


=} 
The numbers of Dorylaimus spp. were lower in the soil 

which had been treated with DDT at a rate of 1,000 lbs./ | | | | 

acre in 1954. But this fact was not significant. > a 25 ani 


A fairly large increase in numbers of Eucephalobus in 
the DDT-treated plot (1,000 lbs./acre) was not significant roras NEMATODES 
because of the big variation found in the duplicate sam- ool 
ples. 

Other genera were present either in very small numbers 
or their numbers did not vary in treated soil compared 
with those found in the untreated soils. 

Vertical Distribution of Nematodes in the Fallow Area, 4 
Years after Treatment with DDT and Lindane.—As 84 to 


96°) of the insecticides present are concentrated in the 

top 3 inches (Lichtenstein 1958) investigations were 
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Fig, 2.—Vertical distribution of nematodes in fallow areas of a 

Miami silt loam 4 years after treatment with DDT and lindane. A 

C, Cz, C;=untreated plots. Application rates: D=DDT 1,000 a cecs DL 
lhs./6” acre. L=Lindane 100 lbs./6” acre. Soil depth Ruse) oe 





i 


go. 


Ht 


7 





JOURNAL OF Economic ENTOMOLOGY 


ORDER TYLENCHIDA 


hh, idle antl 


200- DORYLAIMUS spe 


00+ | | 
0+ = i i { a 5 aS = = = i 


300+ CHILOPLACUS SYMMETRICUS 





of nematodes per 2509ms so 


Number 


Fie. 3.—Vertical distribution of nematodes in fallow areas of a 

Miami silt loam 4 years after treatment with DDT and lindane. 

C,, C2, C;=untreated plots. Application rates: D=DDT 1,000 
lbs. /6” acre. L=Lindane 100 lbs. /6” acre. 


made of vertical distribution of nematodes in the soil. 
Most of the nematodes were found in the top 3 inches and 
only in this layer was any appreciable change present in 
populations. 

In the plot treated with DDT at a rate of 1,000 lbs./ 
acre 4 years previously, the number of C. symmetricus 
was again significantly increased and the number of 
Dorylaimus sp. significantly decreased. In the lindane- 
treated plot (100 lbs./acre) the numbers of C. symmetricus 
were also significantly increased. Though the nematodes 
in the order Tylenchida were low in numbers on this plot, 
this fact was not significant (figs. 2, 3). 

In the laboratory experiments immediately after soil 
treatment with acetone only, an average of 180 nema- 
todes/250 gm. soil were found in the check. Twenty-four 
days later (fig. 4) 550 nematodes/250 gm. soil were found. 
Nematode populations in soil treated with DDT at 600 
and 1,000 lbs./6” acre did not differ from checks. Lindane 
at 200 |bs./6” acre had some phytotoxic effects, but 
caused a highly significant reduction in total numbers. 
An average of 68 nematodes was found/250-gm. soil 
sample. Aphelenchus avenae was the dominant species in 
the check and DDT-treated soil, but had almost com- 
pletely disappeared from the lindane-treated soils (1/250 
gm. soil compared with 259 in checks). The population of 
Acrobeloides spp. was significantly reduced by lindane (1 
compared with 24 in checks) as was Dorylaimus spp. (7 
in lindane treated and 65 in checks). The genera Rhabditis 
spp. and Psilenchus spp. were not notably affected. 


Nematode Populations in a Carrington Loam after Treat. 
ment with Heptachlor and Aldrin.—Heptachlor has been 
recorded in the literature as having nematocidal proper- 
ties (Tarjan 1953). Therefore, it was felt that sampling 
different soil layers soon after application might show its 
effectiveness, since most of the insecticide would still be 
concentrated in the top 3” soil layer. 

Samples taken from one replicate 15 days after treat- 
ment with heptachlor at a rate of 125 lbs./acre showed 
only half the nematodes present in each layer (1” to 4’, 
5” to 8”, 9” to 12”) examined as compared with the check 
plot treated with solvent only. However, no significant 
change was found when all the plots (heptachlor, solvent 
only, and untreated) were sampled 5 weeks after treat- 
ment. 

Nematodes were also apparently not affected 5 weeks 
after treatment with aldrin at 25 lbs./acre. 

ConcLusions.—One important fact ascertained by 
this investigation is the great similarity in the nematode 
populations found within the differently treated plots. As 
relatively large amounts of DDT, lindane, and aldrin had 
been in the soil over periods of 3 to 4 years, primary or 
secondary effects on nematodes might have been ex- 
pected. 

Lack of replication in different soil types has made any 
conclusions only tentative, but it might be asserted that 
no serious upset of the nematode population has occurred. 
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Table 2.—<A list of nematode species present in Miami 
silt loam plots.* 


—_—_—-— 








Acrobeles ctenocephalus Thorne, 1925 

Acrobeloides biitschli (deMan, 1884) Steiner & Buhrer, 1933 
Acrobeloides minor (Thorne, 1925) Thorne, 1937 
Acrobeloides tricornis (Thorne, 1925) Thorne, 1937 
Aphelenchoides spp. : 

Aphelenchus avenae Bastian, 1865 

Boleodorus thylactus Thorne, 1941 

Chiloplacus symmetricus (Thorne, 1925) Thorne, 1937 
Ditylenchus spp. 

Eucephalobus oxyuroides (deMan, 1876) Steiner, 1936 
Eweephalobus striatus (Bastian, 1865) Thorne, 1937 
Dorylaimus bastiani Biitschli, 1873 

Dorylaimus carteri Bastian, 1865 

Dorylaimus clavicaudatus Thorne & Swanger, 1936 
Dorylaimus monhystera deMan, 1880 

Dorylaimus obscurus Thorne & Swanger, 1936 
Dorylaimus pratensis deMan, 1880 

Dorylaimus sublabiatus Thorne & Swanger, 1936 
Dorylaimus spp. 

Helicotylenchus spp. 

Mononchus parabrachyurus Thorne, 1924 
Panagrolaimus subelongatus (Cobb, 1914) Thorne, 1937 
Plectus spp. 

Pratylenchus minyus Sher & Allen, 1953 

Pratylenchus brachyurus (Godfrey, 1929) Filipjev, 1934 
Pratylenchus spp. 

Psilenchus aberrans Thorne, 1949 

Psilenchus hilarulus deMan, 1921 

Psilenchus gracilis Thorne, 1949 

Rhabditis spp. 

Tylencholaimelius striatus Thorne, 1939 
Tylenchorhynchus maximus Allen, 1955 

Tylenchus costatus deMan, 1921 

Tylenchus davainii Bastian, 1865 

Tylenchus exiguus deMan, 1876 

Xiphinema americanum Cobb, 1913 

Xiphinema diversicaudatum (Micoletzky, 1927) Thorne, 1939 





* Unidentified species usually were represented only by immature forms. 


The most outstanding change has been in the Miami 
silt loam plot treated with DDT at 1,000 Ibs./acre in 1954 
and containing at the time of sampling (fall of 1957) 604 
lbs.6"” acre, in which the numbers of Chiloplacus sym- 
metricus both in spring and in the fall were significantly 
increased. Eucephalobus (another saprophagous genus) 
has shown smaller increases. The greatest increase oc- 
curred in the top 3 inches of soil where 80% of the insecti- 
cide recovered from a 9-inch sample, was concentrated. 

DDT at 600 or 1,000 lbs./acre had no effect on the 
population of nematodes in plots containing Miami silt 
loam in 24 days, whereas lindane at 200 lbs./acre caused 
a significant reduction of certain species. Whether this 
condition occurred after initial application to the field 
plots is not known, but the population in these plots 3} 
years after treatment varied only slightly from the un- 
treated plots. 

Observations on Carrington loam plots treated with 
heptachlor at 25 and 125 lbs./6” acre 5 weeks after treat- 
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ment showed no difference in nematode populations be- 
tween the treated plots, the untreated plots, and those re- 
ceiving solvent only. Heptachlor had no short-term ef- 
fect. Its long-term effect is not known. Thus it is ex- 
tremely unlikely that the nematode population will be af- 
fected by prolonged or concentrated use of DDT or 
aldrin applied either to the soils or crops. The saprophag- 
ous species may be increased but the parasitic species 
probably remain unaffected. 

Lindane at the normal field dosages has probably no 
effect, but very high rates of application which produce 
phytotoxic effects on plants might control certain nema- 
todes. When a high initial dosage had reduced naturally 
over a period of years no outstanding effects upon the 
nematode populations were observed. 
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Effectiveness of Aerosol Formulations Containing Methoxychlor and Other 
Insecticide-Repellents against Biting Flies on Cattle, and 
Analyses of Milk from Treated Animals! 


Tren-Hs1 Cuene, Donavp E. H. Frear and Henry F. Enos, Jr.,? Departments of Zoology and Entomology, and 
Agricultural and Biological Chemistry, The Pennsylvania State University, University Park 


ABSTRACT 


Aerosol containers charged with 1, 2, and 4% of methoxychlor 
in various combinations with N,N-diethyl-m-toluamide, Than- 
ite® (isobornyl thiocyanoacetate—82%), MGK R-326 (di-n- 
propyl isocinchomeronate), pyrethrins, and other ingredients 
were released on lactating cows by means of an automatic photo- 
electric device. The major components of the device consisted 
of a rectangular-shaped wooden frame on which were mounted a 
photoelectric relay unit and a triggering mechanism. Three 
aerosol containers were strategically located on the frame. The 
aerosol spray was released instantly as cattle entered the frame 
and stopped as soon as they left. On the average, actual spraying 
time per animal was 1.5 seconds; 150 animals were treated by a 
set of three 12-ounce containers, a dosage of approximately 7 ml. 


Tests of treatments containing methoxychlor against 
biting flies on cattle conducted by the authors during 1957 
showed that methoxychlor residues were detected in the 
milk of treated animals when such treatments were ap- 
plied with an electric-eye-controlled sprayer. The authors 
also reported that an oil spray, containing methoxychlor 
in combination with Lethane 384°, (2-(2-butoxyethoxy) 
ethyl thiocyanate) synergized pyrethrins and butoxy 
polypropylene glycol provided excellent control of the 
horn fly, Siphona irritans (L.), and stable fly, Stomoxys 
calcitrans (L.), (Cheng et al. 1958). 

During the summer of 1958 further tests on biting fly 
control were conducted. Aerosol formulations containing 
methoxychlor in various combinations with diethyl- 
toluamide (N,N-diethyl-m-toluamide), Thanite”  (iso- 
bornyl thiocyanoacetate—82%), MGK R-326 (di-n- 
propy! isocinchomeronate), pyrethrins, and other ingredi- 
ents were released on cattle by means of an automatic 
photoelectric device, and milk from both treated and un- 
treated cows was collected and analyzed periodically. 
The purpose of the investigation reported in this paper 
was to study the effectiveness of the aerosol formulations 
against horn flies and stable flies, and to determine 
whether aerosol sprays containing methoxychlor could be 
used on lactating cows without contaminating milk from 
the treated animals. 

EXPERIMENTAL ProcepuRE.—The automatic photo- 
electric device was adapted from the electric-eye-con- 
trolled sprayer (Cheng et al. 1957). The major compo- 
nents of the device consisted of a rectangular-shaped 
wooden frame on which were mounted a photoelectric re- 
lay unit and a triggering mechanism. Three aerosol con- 
tainers were attached to the frame; two were placed verti- 
cally 17 inches from the ground, one on each side of the 
frame, and a third one was installed under the cross bar at 
the center of the top. A 6-volt battery or 110 volts A.C. 
supplied the electric power (fig. 1). The aerosol spray was 
released instantly as cattle entered the wooden frame, 


being discharged on each animal. The spray was applied once 
daily. Milk from both treated and untreated cows was collected 
and analyzed once or twice a week. 

Results of the tests made over a period of 14 weeks showed 
that the aerosol formulations gave consistently excellent control 
of the horn fly, Siphona tirritans (L.), but limited protection 
against the stable fly, Stomoxys calcitrans (L.). None of the mil 
samples analyzed showed a detectable amount of methoxychlor, 

The current price for the parts of the automatic device was 
between $20 and $25, and the base cost of the containers and 
aerosol ingredients averaged between 0.6 cent and 1 cent per 
animal per application. 


and stopped as soon as they left. On the average, actual 
spraying time per animal was 1.5 seconds; 150 animals 
were treated by a set of three 12-ounce containers, a dos- 
age of approximately 7 ml. being discharged on each ani- 
mal. The device was installed on the University Farm No. 
12 of The Pennsylvania State University.® 

Thirty-eight lactating Holsteins were divided into 
treated and untreated groups of 28 and 10, respectively. 
The two groups occupied different sections of the stable. 
The untreated group was led to one pasture before spray- 
ing started. The spraying device was located about 30 
yards from the stable and the cows to be treated passed 
through it and were sprayed early in the morning, after 
being milked, while on their way to another pasture. Any 
physical contact between members of the two groups was 
thus avoided. 

The aerosol containers used in the tests were charged 
with the following formulations: A. 1% methoxychlor, 
15% diethyltoluamide, 24% deo-base, and 60° propel- 
lent; B. 1% methoxychlor, 3% Thanite, 36°% Deobase, 
and 60% propellent; C. 2% methoxychlor, 2% MGk 
R-326 (di-n-propyl isocinchomeronate), 2% MGK 264 
(N-octyl bicycloheptene dicarboximide), 34% petroleum 
distillate, and 60% propellent; D. 2% methoxychilor, 
0.2% pyrethrins, 2° piperonyl butoxide, 45.89% petro- 
leum distillate, and 50% propellent; E. 4% methoxychilor, 
0.2% pyrethrins, 2% piperonyl butoxide, 43.8% petro- 
leum distillate, anc. 50% propellent.* 

During the experimental period of 14 weeks, spraying 
was suspended on several occasions when weather was 


1 Authorized for publication on February 27, 1959, as paper No. 2345 in the 
Journal Series of the Pennsylvania Agricultural Experiment Station. Accepted 
for publication March 17, 1959. 

2 Professor of Zoology, Professor and Instructor of Agricultural and Biological 
Chemistry, respectively. 

8 The close cooperation of Dr. E. M. Kesler and members of the Department 
of Dairy Science is gratefully acknowledged. 

‘ Aerosol containers and contents were generously donated by Hercules 
Powder Co., Wilmington, Delaware; McLaughlin Gormley King Co., Minne- 
apolis, Minnesota; and Fairfield Chemical Division, Baltimore, Maryland. 
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Fig. 1. 
by the automatic photoelectric device installed near a stable. 


Dairy cows self-treating with an aerosol spray released 


unfavorable or the spray material was changed. In the 
latter case, the animals were washed thoroughly with soap 
and water, and several days were allowed to pass before a 
new formulation was used. A total of 20 applications was 
made with formulation A, 13 with B, 6 with C, 16 with D, 
and 14 with E. 

Fly counts made during pretreatment periods showed 
no significant difference in the degree of infestation be- 
tween the treated and untreated groups. After treatments 
began, the flies were counted twice a day, at 6 and 11 
hours after spraying. The mean number of flies per ani- 
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mal was determined by counting the flies on 10 animals 
selected at random in each group. 

To determine methoxychlor residues in milk, 1-quart 
samples of milk were collected for chemical analysis from 
seven of the animals in each group. The collections and 
analyses were made once or twice a week as shown in table 
2. These samples were extracted by the method of Carter 
(1947) and the methoxychlor determined by the method 
of Claborn & Beckman (1952) as described in a previous 
paper (Cheng et al. 1958). Long experience with this 
method has demonstrated that it has a sensitivity of 0.01 
p.p.m. of methoxychlor. 

Resutts AND Discussion.—Results of treatments 
with aerosol sprays are shown in table 1. The per cent re- 
duction of horn flies and stable flies shown in the table is 
an average of the results for the 14-week period. Formula- 
tion A, containing 1% methoxychlor and 15% diethyl- 
toluamide, achieved 96.7% reduction of horn flies and 
48.3% reduction of stable flies. Formulation B, consisting 
of 1% methoxychlor and 3% Thanite, caused a reduction 
of 93.4% of horn flies and 30.7% of stable flies. Formula- 
tion C, containing 2% each of methoxychlor, MGK 
R-326, and MGK 264, reduced horn flies by 95.3% and 
stable flies by 41.9%. Formuiation D, containing 2% 
methoxychlor, 0.2% pyrethrins, and 2% piperonyl bu- 
toxide, caused a reduction of 98.6% of horn flies and 
48.1% of stable flies. Formulation E was the same as 
formulation D except that it contained 4% methoxychlor 
instead of 2%. It achieved 98.9% reduction of horn flies 
and 61.5% reduction of stable flies. 

Approximately 50% of the stable flies counted on the 
treated animals were found on their heads, which were 
not sprayed during the early part of the tests. In the lat- 
ter experiments, the heads were treated but part of the 
spray material was washed away by drinking water and 
dew. 

Analyses of the milk samples showed that within the 
sensitivity of the method employed (0.01 p.p.m.), no de- 
tectable amount of methoxychlor was present (table 2). 

The results stated above indicated that all the formula- 
tions tested provided excellent control of horn flies but 
none gave effective protection against stable flies. It is 
possible that the concentration of some of the principal 
ingredients in the formulations was too low to be effective 
against stable flies. This was substantiated by the results 
obtained with formulations D and E; when the concentra- 


Table 1.—The effectiveness of aerosol sprays containing methoxychlor released by an automatic photoelectric device* 


on dairy cattle for biting fly control. Centre County, Pennsylvania. June to September, 1958. 








Mean No. Horn 
Fires PER Cow 
PER CouNrT® 
APPLICA- $$ —_______—— 
Treated’? Untreated® 


No. Datry 
PERIODS OF 
TREATMENT 


FormMuLa- 
TIONS? TIONS 

June 24-July 18 20 

July 23-Aug. 8 13 

Aug. 12-21 6 

Aug. 24-Sept. 12 16 

Sept. 13-27 14 


2.6 96. 18.6 36.0 


5.3 93. 36.6 52. 


3.8 98. 11.5 29.9 


Mean No. STABLE 
Fires PER Cow 
PER CounrtT® 
Per CENT - eeetetatanhaieed 


--— Per Cent 
REDUCTION Treated? Untreated 


REDUCTION 


48.3 
8 30.7 
6 95. 35.5 61.1 41.9 
me 98. 24.3 46.8 48.1 

61.5 





“ At the rate of 7 ml. per cow. 

’ See text for description of ingredients. 

Ap << F 
Flies were counted at both 6 and 11 hours after spraying. 


d : Ee ; 
28 and 10 lactating Holsteins in the treated and untreated group respectively. 
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Table 2.—Residues of methoxychlor in milk collected from 
cows* treated with aerosol sprays containing methoxychlor 
by means of an automatic photoelectric device. Centre 
County, Pennsylvania. June to September, 1958. 








METHOXYCHLOR 
RESIDUES IN 
MILK 


Miik CoLLectep 
AND ANALYZED ON 


Dates OF 
APPLICATION 


FORMULATIONS 
(See Text) 
A June 24-28; 30 

July 1-5; 7-12; 16-18 


B July 23-26; 28-29; 31 
Aug. 2; 4-8 





July 10; 14; 17; 21 Not detectable 


July 24; 28; 31 Not detectable 


Aug. 8 
Not detectable 


Aug. 12-15; 19; 21 Aug. 15; 22 


Aug. 29 Not detectable 


Aug. 24-Sept. 3 
. Sept. 4; 12 


Sept. 5-6; 8-9; 12 
Not detectable 


Sept. 13-20; 22-27 Sept. 19; 23; 26; 30 





® Seven lactating Holsteins. 


tion of methoxychlor was increased from 2% in D to 4% 
in E, the effectiveness of the spray against stable flies was 
appreciably enhanced. The unsatisfactory performance of 
the formulations against stable flies may be partially at- 
tributed to the habit that cattle have of wading through 
mud holes or streams, which inevitably washes away the 
spray material on the legs. Furthermore, the extraor- 
dinary power of perception and selection possessed by 
stable flies was demonstrated by the fact that an average 
of 48.4% of the stable flies counted on the treated animals 
were located on parts of their heads and faces, to which 
the spray was not applied or from which it had been 
washed away in the course of drinking water or grazing 
wet grass. The development of water-repellent spray ma- 
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terials might help to overcome such difficulties. Finally, 
it has been pointed out that no detectable amount of 
methoxychlor was found in milk from animals treated 
with the aerosol formulations. This method of applica- 
tion appears to permit the use of methoxychlor without 
contaminating the milk, and thus should comply with 
the requirements of the Food and Drug Administration, 
Further experiments with aerosol formulations containing 
other promising toxicants, which might be more effective 
against stable flies, are planned for the coming season. 
The investigation reported above indicated that the 
aerosol treatment of cattle was economical and labor say- 
ing. The current price for the parts of the automatic de- 
device was between $20 and $25, and the base cost of the 
containers and aerosol ingredients averaged between 0.6 
cent and 1 cent per animal per application. 
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Exploratory Studies on Gamma Radiation for the Sterilization 
and Control of Anopheles quadrimaculatus' 


A. N. Davis, J. B. Ganan, Donatp E. Wermpuaas, and Carrouu N. Smita, Entomology Research 
Division, Agric. Res. Serv., U.S.D.A. 


ABSTRACT 


In laboratory studies on the effect of gamma radiation on 
Anopheles quadrimaculatus Say, it was found that dosages of 
8,865 to 12,900 r applied in the pupal or adult stage were re- 
quired to cause complete sterility. Irradiated females mated to 
unirradiated males produced no eggs, whereas unirradiated fe- 
males mated to irradiated males produced a normal number of 
eggs but none hatched. When irradiated males were introduced 
into caged populations of normal males and females at ratios of 
4:1:1 or less, usually no reduction inthe total number of viable 
eggs was produced, but at ratios of 6:1:1 and 10:1:1 there was 
a reduction of about 80%. The dosages (r) required to cause 50% 
and 100% mortality in 48 hours were: for eggs, 2,600 and 
> 11,000; for larvae, 32,000 and 120,000; for pupae, 22,000 and 
40,000. 


The eradication of the screw-worm, Callitroga homini- 
vorax (Cqrl.), from the island of Curacao by the release of 
sterilized flies (Bushland et al. 1955, Baumhover et al. 
1955) led to consideration of other pests that might be 
susceptible to eradication by this method. The method 
appeared to hold some promise for use against certain 


anophelines. These mosquitoes do not pass the winter in 
the egg stage, and consequently spring populations are 
usually low. Even if not suitable for use alone, the 
method might be useful in combination with others. Con- 
siderable effort is devoted to antimalaria campaigns, and 
sterilized insects might be released to apply the coup de 
grace to a population already depleted by other control 
measures, the survivors of which might not be reached by 
any other means. Laboratory rearing procedures are 
available and it seems probable that mass rearing and 
irradiation techniques could be developed. Preliminary 
laboratory studies to evaluate the method against a 
representative anopheline appeared to be justified. 
Laboratory studies were conducted to determine the 
effect of gamma radiation on Anopheles quadrimaculatus 
Say in various stages of development, and the results of 
adding sterilized males to caged normal populations. Two 
cobalt-60 radiation sources were used. One gave an aver- 


1 Accepted for publication March 20, 1959. 
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age dose rate of approximately 400 r and the other 1,000 r 
per minute over the useful volume. The use of these 
sources in determining the effects of gamma radiation on 
some other insects affecting man has been described by 
Cole et al. (1959). 

IRRADIATION OF 1-Day-OLp Pupar.—Tests were made 
to determine the effect of irradiation in the pupal stage on 
the fertility of adults. Day-old pupae were confined in 
groups of 50 in small polyethylene bottles and exposed to 
dosages of 3,200, 6,400, and 12,900 roentgens in the 
smaller radiation source. After exposure each group was 
transferred to a screen holding cage, where adult emer- 
gence occurred. Fifty untreated pupae were utilized as a 
check. The adults were offered a human blood meal, 
honey, and a fresh supply of boiled water each day until 
all had died. Daily records were kept on adult emergence 
and mortality and the number and fertility of eggs laid. 
The average results in two duplicate series of tests are 
given in table 1. 

The irradiation of the pupae did not reduce or delay 
adult emergence but it apparently did weaken some of 
the mosquitoes, since the mortality during the first 3 days 
was considerably higher among the irradiated insects 
than among the checks. However, the irradiated mos- 
quitoes that survived the first 3 days lived about as long 
as the checks. 

Allirradiated groups laid some fertile eggs. Mosquitoes 
of the first series exposed to 12,900 r produced 80 fertile 
eggs on a single day and two infertile eggs the following 
day, whereas those of the second series laid no eggs. More 
fertile eggs were obtained from the mosquitoes exposed to 


Table 1.—Effect of irradiation of day-old pupae on the 
emergence, life span, and fertility of the ensuing adults of 
Anopheles quadrimaculatus. 





Tora 
Per CENT NUMBER 
Morva.ity OF 
FERTILE 
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PER 
CENT 
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(Days) 


EXPOSURE 
(RoOENT- 
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Males 





12,900 75 41 16 0 
q 97 49 27 0 
- 54 0 
76 De 0 
99 
100 0 


6,400 67 19 § 0 
‘ ig 28 q 0 
0 
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Table 2.—Effect of 8,865 r of gamma irradiation on the 
survival and egg production of Anopheles quadrimaculatus 
exposed as pupae. 








, > - - 
Eaa Propuction 
(2 Tests) 


Survivau (4 Tests) 





Per Cent Per Cent 
Adult Survival 
Emer- After 3 of Eggs 
gence Days Laid 


AGE OF 
PupaE WHEN 
EXPosED 
(Hovurs) 


Total No. 
Per Cent 
Hatch 





74 4 
91 31 
93 55 
92 63 
87 40 
96 53 
Check 93 57 





3,200 r than from the checks. It is doubtful, however, 
that the increases in egg production are significant. 

IRRADIATION OF PupArE oF Various AGes.—Tests were 
run to determine the effect of exposure to 8,865 r in the 
smaller source on pupae of various ages. In each age 
group 50 pupae were exposed and 50 unexposed pupae 
were used as a check. The results are given in table 2. 
Three days after emergence adult mortality was highest 
among the groups exposed as 1- and 4-hour-old pupae. 
Many of these adults had been unable to disentangle 
themselves from their pupal cases or were drowned. Eggs 
were obtained from groups exposed as 8- to 24-hour-old 
pupae, but not more than 2% hatched. 

IRRADIATION OF YouNG ApuLts.—Adults exposed to 
1,500 or 2,500 r of gamma ray radiation in the smaller 
source within 24 hours after emergence laid a normal 
number of eggs, all of which hatched. At 5,000 r the 
number and fertility of the eggs was slightly reduced. At 
8,865 r only a few eggs were laid, none of which hatched 
(table 3). The numbers of eggs deposited by mosquitoes 
receiving 1,500 and 2,500 r were almost twice the number 
deposited by the checks. Further tests will be needed to 
determine if the increases in egg production are due to 
the irradiation. 

Errect or AppinG [rRADIATED MALEs TO A PopuLa- 
TION OF NorMAL Mates AND Femates.—To determine 
the effect of releasing various proportions of sterilized 
males in normal populations of caged adults, day-old 
pupae confined in small polyethylene bottles were exposed 
to 11,820 r in the larger radiation source and then trans- 
ferred to pint jars of water in groups of 50 to 100. A 10- 
ounce conical waxed paper cup with 1 inch of the tip re- 


Table 3.—Effect of gamma ray irradiation within the first 
24 hours* of adult life on the fertility of Anopheles quadri- 
maculatus. 








NUMBER OF 
Eaes Larip 


DosaGE 
(ROENTGENS) 


1,500 





6,143 
2,500 6,852 
5,000 2,200 
8,865 174 
None 3,470 





* 60 mosquitoes. 
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Table 4.—Egg production and fertility in caged populations 
of Anopheles quadrimaculatus composed of various propor- 
tions of irradiated (R) and norma! (N) males and females. 
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Table a yo (r) of gamma irradiation require.‘ to 
cause mortality of eggs, larvae, and pupae of Anopheles 
quadrimaculatus. 








Averace Noum- 
BER OF Ecos 
PER FEMALE 


POPULATION Noum- 
COMPONENTS BER Per Cent 

OF ———— oF EaoGs 
Tests Laid ‘Hatched HatcHepD 


Ro RQ No N¢ 
74 
56 
23 
65 
8 
8 
0 
0 
45 


Ct Om = Om we | 


EaoGs Ls ARVAE 


LETHAL DosaGE 





24-hour mortality 
LD-50 
LD-90 
Min. D-100 


125,000 48 ,000 
170,000 100 , 000 
180,000 ~~ 


48-hour mortality 
LD-50 2,600 
LD-90 11,900 
Min. D-100 _— 


32,000 
80,000 
120,000 


22 ,000 
39 , 000 
40 , 000 





moved was placed over the mouth of each jar to funnel 
the emerging adults into a cylindrical screen cage. Mos- 
quitoes to be used in mating experiments were separated 
according to sex when less than 20 hours old to assure 
that they had not mated. The sexes were determined by 
anesthetizing young adults with carbon dioxide and ex- 
amining each specimen individually. As a check on the 
adequacy of the isolation procedure, enough of the fe- 
males were separated so that a control group of suppos- 
edly virgin females could be maintained, and this group 
laid no eggs. The experimental populations were estab- 
lished in rearing cages within 20 hours after the adults 


emerged. 

The results of this experiment are given in table 
Irradiated females mated to unirradiated males produced 
no eggs, whereas unirradiated females mated to irradiated 


males produced a normal number of eggs, but none 
hatched. When irradiated males were introduced into 
populations of normal males and females at ratios of 
+:1:1 or less, egg production was at or above the normal 
level, with the result that, although the fertility ‘was 
slightly reduced, there was usually no reduction in the 
total number of viable eggs. At ratios of 6:1:1 and 
10:1:1, however, both the number and fertility of eggs 
were reduced, with a total reduction in viable eggs of 
about 80% 

MuttieLte Matina.—In laboratory tests to obtain in- 
formation on multiple matings, males and females were 
confined together for various periods and oviposition 
records were maintained for 3 weeks. The total number 
of eggs laid by various groups of females was as follows: 
(1) 25 males, 25 females, together 21 days. . 1,353 
(2) 25 males, 25 females, together 3 days. . . ie Lover 
(3) 10 males, 25 females, together 21 days. seat ee 1,105 
(4) 10 males, 25 females, together 3 days 
(5) No males, 25 females. ... . 0 
(6) 25 males from (2) above, 25 virgin females, together 

from the 8rd to 15th day 


More than one mating by the males was indicated. 
Twenty-five females confined for 21 days with 10 males 
laid almost as many eggs as those confined with 25 males, 
and when males were transferred to a second group of vir- 
gin females after 3 days, 932 eggs were obtained. Multiple 


matings did not occur in quick succession, however, as 3 
days was not sufficient to permit 10 males to cause maxi- 
mum fertilization of 25 females. Since the females con- 
fined with 25 males for only 3 days laid the most eggs, 
frequent matings by females appear to be unnecessary, 
LetuaL Dosss or IrRRADIATION.—Eggs, fourth-instar 
larvae, and pupae were exposed to five to eight dosages of 
irradiation in the larger source to determine the dosages 
required to cause mortality in 24 and 48 hours. One hun- 
dred individuals of each stage were exposed to each dos- 
age. All exposures were made in duplicate, The results, 
summarized in table 5, show that the eggs were suscepti- 
ble to the lowest dosages and larvae required the highest. 
Data for 24-hour mortality of eggs could not be obtained, 
since only 51% hatch had occurred at this time. 
Conciusions.—The demonstration that A. quadri- 
maculatus mosquitoes can be sterilized by gamma irradia- 
tion in the pupal or adult stage, and that the release of 
adequate numbers of sterile males in a normal population 
results in a substantial reduction in the number of viable 
eggs produced, indicates sufficient promise to justify 
further exploration of the possibilities of the use of steri- 
lized anophelines as a control method. The practicability 
of the method would depend on the species of mosquito, 
the development of the most efficient procedures for in- 
ducing maximum sterilizing effects, the size of the area to 
be treated, the abundance of the normal mosquitoes, the 
importance of obtaining complete eradication, which is 
difficult to obtain by other means, and the financial re- 
sources available. Although at first glance this appears 
to be an expensive method, it might be more economical 
in certain circumstances than the current methods. 
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European Red Mite Control and Population Studies 
on Apple in Wisconsin! 


Ear R. OatTMAn? 


ABSTRACT 


Genite® (2,4-dichlorophenyl benzenesulfonate), Mitox® (p- 
chlorobenzyl p-chlorophenyl sulfide), and ovex applied as pre- 
blosson acaricides provided season-long control of the European 
red mite, Panonychus ulmi (Koch), on apples in Door County, 
Wisconsin, during 1956 and 1957. Aramite® (2-(p-tert-butyl- 
phenoxy)-1-methylethyl 2-chloroethyl sulfite), Chlorobenzilate® 
ethyl 4,4’-dichlorobenzilate), demeton, Kelthane® (1,1-bis(p- 
chlorophenyl)-2-2-2-trichloroethanol), and Mitox, used as sum- 
mer foliar sprays, were effective in reducing and maintaining 
the mite populations at low levels for the remainder of the 
season. The results of 3 years’ study of the European red mite 
populations are given. There were five generations in 1956 and 
1957 and four generations in 1958. The populations normally 
reached their highest peak at the end of July and then abruptly 
declined. The first summer eggs were oviposited by blossom 
time. Overwintering eggs were laid the first week in August. 
The highest number of eggs were oviposited by the first summer 


The European red mite, Panonychus ulmi (Koch), is 
endemic in apple orchards of Door County, Wisconsin. 
Under optimum (warm, dry) weather conditions the spe- 
cies is capable of attaining high populations whose feed- 
ing may cause severe bronzing of the foliage. As a result, 
the vitality of the tree, the yield, and the quality and 
favor of the fruit may be adversely affected (Lathrop 
1951; Chapman et al. 1952, Lienk et al. 1956). 

Fortunately for Door County apple growers the grow- 
ing seasons are usually characterized by mild tempera- 
tures and sufficient rainfall (fig. 1). Under these conditions 
the European red mite populations fluctuate at or below 
destructive levels. Also, the two-spotted spider mite, 
Tetranychus telarius (L.), does not appear on the apple 
foliage until late in the season and even then remains 
very low in numbers. This situation is often very confus- 
ing to the grower because he is uncertain as to the need 
of a definite mite spray program. Thus, when an emer- 
gency summer acaricide is indicated for control of the 
European red mite, it is applied either after most of the 
damage has occurred or when the population peak has 
heen reached and is naturally declining. In either case, 
the spray has been costly and ineffective. The develop- 
ment of pre-blossom acaricide sprays within recent years 
has improved this situation considerably. 

Madsen & Borden (1955) found that Mitox® (p-chloro- 
benzyl p-chlorophenyl sulfide) and Genite-923® (2,4- 
dichloropheny! benzenesulfonate), when applied as a pre- 
blossom acaricide on pear, held the European red mite in 
check until July. Oatman (1957) reported season-long 
control using either Mitox or Genite-923 in the pink 
stage and ovex in the pink, petal fall, and first cover 
sprays. Studies in Indiana apple orchards by Cleveland 
(1958) showed that several of the pre-blossom acaricides 
were effective for 60 days. 

Marshall (1955) believed that mites attacking apples, 
against which regular control programs are carried out, 


generation adults. European red mite populations on treated 
trees exceeded those on the check (untreated) trees the first of 
September, remained at a higher level until the end of the season, 
and oviposited more overwintering eggs than populations on the 
check trees. The number of overwintering eggs oviposited in the 
treated plots were proportional to the degree of control obtained. 
The 1958 populations, which developed from overwintering eggs 
laid on the trees in the 1957 treated plots, were higher and 
reached peaks earlier than those on the trees which had been 
a part of the check plot in 1957, Predaceous typhlodromid mites, 
the only predators observed throughout the studies, were in very 
low numbers in the 1956 and 1957 check plots. Typhlodromids 
were more numerous on the unsprayed trees in 1958. They were 
present the first week in July; gradually increased in numbers; 
and finally surpassed the European red mite population in mid- 
August. Two species were present. The primary one, Typhlo- 
dromus fallacis (Garman), comprised 95% of the population. 


will become more difficult to control. His prediction has 
since materialized as reports of European red mite re- 
sistance to various acaricides have been received from 
several areas within the United States and Canada. Mad- 
sen & Hoyt (1957) reported resistance to ovex and Genite- 
923 in California even when applied at twice the normal 
dosage. Resistance to parathion was reported by Morgan 
& Anderson (1958) in British Columbia and to parathion 
and demeton by Cutright (1958) in Ohio. Jeppson, et al. 
(1958) reported that a closely related species, the citrus 
red mite, Panonychus citri (McG.), had become resistant 
to ovex and 14 organic phosphates including parathion 
and demeton. 

Mernops AND Marerrats.—-The 1956 pre-blossom 
acaricide control studies were established in a 10 to 12- 
year-old block of Reynolds Brothers’ orchard. Plots con- 
sisted of single-tree treatments replicated three times 
(two on Red Delicious and one on McIntosh). The 1957 
pre-blossom acaricide control studies were established in 
a 12-year-old block of MeIntosh and Cortland apples in 
the Peterson orchard. Treatments were applied to single 
blocks four rows wide and } mile long. The check (un- 
sprayed) was two rows wide and } mile long. The 1957 
summer-foliage acaricide sprays were applied to a dif- 
ferent area within the Peterson orchard. Plots consisted 
of single-tree treatments replicated three times (two on 
Cortland and one on McIntosh). 

The 1956 pre-blossom and the 1957 summer-foliage 
acaricide single-tree treatments were applied by an 
orchard hand gun from a conventional 35 g.p.m. high 
pressure sprayer operating at 600 p.s.i. The trees were 
thoroughly sprayed from inside out to the point of drip. 
The 1957 pre-blossom acaricide single-block treatments 


1 Published with the approval of the director, Wisconsin Agricultural Experi- 
ment Station. Accepted for publication March 19, 1959. 

2 Assistant professor, Department of Entomology, University of Wisconsin, 
Madison. 
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DOOR COUNTY, WISCONSIN 
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1957 0----o as 
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MEAN WEEKLY TEMPERATURE (°F.) 
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JULY 
Fic. 1.—Mean weekly temperature and total weekly rainfall for Door County, Wisconsin, during 

the growing seasons of 1956, 1957, and 1958. 
were applied with the owner’s 35 g.p.m. high pressure ately taken into the laboratory where they were brushed 
sprayer (with air blast attachment) operating at 600 with a Henderson mite brushing machine (Henderson & 
p.s.i. Sprays were applied thoroughly by driving into the McBurnie 1943) onto vaseline-coated glass counting 


wind so that any drift present would fall back upon the — disks similar to those described by Morgan et al. (1955). 


same row. All active forms and eggs were counted with the use of a 


Materials applied and rates and time of application for stereoscopic binocular microscope. Predaceous mites were 
both the pre-blossom and summer-foliage acaricide con- also recorded. 
trol studies are shown in table 1 The 1958 European red mite population studies were 

The mite populations were followed throughout each initiated following the loss of the crop in the Peterson 
growing season by collecting weekly samples of 100 ma- Orchard caused by spring frosts. No sprays were applied 
ture leaves per treatment and check. In the 1956 pre- throughout 1958 in the part of the orchard that was the 
blossom and 1957 summer-foliage acaricide studies, 33 _ site of the 1957 acaricide studies. Weekly samples were 
leaves were sampled from 2 trees and 34 leaves from the — taken during 1958 from the same McIntosh trees sampled 
third per treatment and check (} from pape and$from during 1957. The sampling and counting techniques were 
inside). In the 1957 pre-blossom studies 25 leaves were — the same as those described for the 1957 pre-blossom acar- 
sampled at random from each of 4 McIntosh trees per _ icide studies. 
treatment and check (? from outside and } from inside). Resuutts AND Discussion.—Control Studies.—The re- 
Leaf samples were placed in pliofilm bags and immedi- — sults of the pre-blossom acaricide control studies show — 
that all three materials gave season-long control in both * Pre 

Table 1.—Rates and application times of acaricides tested the 1956 replicated single-tree plots and in the 1957 large an 
for European red mite control on apples. nonreplicated block treatments (table 2). Genite pro- 

vided superior control in both years. Over the 2 years, 


Rare/100 Trwe or Appuication Mitox gave better control than ovex although ovex main- 
ACARICIDE Gattons — (GrowrH Stace) tained the mite population at a lower level in 1956. Mitox 
r compared favorably with Genite in the grower coopera- 
ee _ Pre-blossom sprays—1956, 1957 tive tests of 1957. 
50% Genite, EC 1.5 pts. Pink a vin . es 
40% Mitox, WP 1 Ib. Pink Phe results of the summer-foliar acaricide contro 
50% Ovex, WP 0.25lb. Pink, calyx & first cover studies show that although the sprays were applied whet , 
, = the mite population was declining naturally, all materials ean 
Summer foliage sprays—1957 : alien ; eh Re ee en tat ee 
25% Chlorobenzilate, WP™ 1.5 lbs. Cover gave a substantial reduction in the population over that J Chloro 
40% Mitox, WP 1 Ib. Cover of the check, with demeton giving immediate and lasting Mitox 
15% <9 ana cn 1.5 “a need control (table 3). Aramite® (2-(p-tert-butylphenoxy)-l- 4 
. 44 wi seca Ss Cc ie ot ott methylethyl 2-chloroethyl sulfite) gave a quick reduction eet 
woe aes , ted but control was of shorter duration than that provided Check 
by the others. — 


® Ethy] 4,4’-dichlorobenzilate. EP si hee . 
» 1 1-bis(p-chloropheny])-2,2,2-trichloroethanol. The results indicate that pre-blossom acaricides will * Pre- 
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Table 2.—Effectiveness of pre-blossom acaricide sprays 
ag:inst the European red mite, 1956 and 1957. 


ee _ wn nt a arn reer on 








NuMBER oF Active Forms 
PER 100 Leaves* 


Genite— 


Survey Dates 923 Mitox Check 


Ovex 





June 13 28 
20 252 
27 684 


July 3 } 436 
11 5 768 
18 3 838 
25 33 2,612 


236 3,025 
56 1,460 
492 1,150 
1,024 931 
188 712 


460 124 
534 98 
468 48 


Sept. 


Oct. 376 z 60 


1957 
May 2s 130 92 178 
‘ 8 410 


June 6 0 j 118 
% 18 

504 

1,294 


0 616 
2 706 
18 2 , 226 
6 2,214 
20 1,128 


50 1,846 
14 916 
28 248 
190 340 


44 j 406 298 
50 38 652 156 
36 g 608 134 
74 268 36 





* Pre-treatment count averaged 78 mites per 100 leaves on May 31. 
» Pretreatment count was 552 mites per 100 leaves on May 15 (400 leaves 
sampled) . 


Table 3.—Effectiveness of summer-foliar acaricide sprays 
against the European red mite, 1957. 





NuMBER OF AcTIVE ForMS PER 
100 LEAvVEs* 


September 


August 


ACARICIDE 16 21 28 12 

Chlorobenzilate 123 22 100 2 38 
Mitox 181 70 22 0 
Aramite 35 184 410 2X 52 
Kelthane 210 218 168 3 Q 
Demeton 83 54 18 ‘ 0 
Check 422 602 578 ¢ 110 


ee 
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Pre-treatment count was 197 mites per 100 leaves on Aug. 12. 


OaTMAN: EvropEAN Rep Mire Conrrou on APPLE 73 


give season-long control of the European red mite under 
the normal seasonal weather conditions which prevail in 
Door County, Wisconsin. Where pre-blossom acaricides 
are not used, there are numerous summer-foliar acaricides 
available to the grower that will give good control with 
one application if properly timed and thoroughly applied. 

Population Studies.—The population growth curve of 
the European red mite’s active and egg stages for 1956, 
1957, and 1958 is shown in figure 2. There were five gen- 
erations in 1956 and 1957 and four generations in 1958. 
The last generation was always very low in numbers. In 
general, the population reached a peak the last week in 
July and then began an abrupt and natural decline during 
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Fic. 2.—European red mite population growth curves for 1956, 
1957, and 1958 (eggs at zero on survey date previous to their 
appearance as shown on graph). 
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PETERSON ORCHARD - 1958 
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Fig. 3. 


the first week in August. The decline in numbers was cor- 
related with the deposition of winter eggs beginning the 
first week in August. Morgan & Anderson (1958) stated 
that the overwintering eggs were laid by the first of Au- 
gust in British Columbia. Parent & Beaulieu (1957) work- 
ing in Southwest Quebec reported that the overwintering 
eggs were laid between mid-August and early October 
and hatched out about flowering time each spring. There 
were six to seven generations per year in that area. Cagle 
(1946) stated that 10 generations per year occurred in 
Virginia with the overwintering eggs being laid in the 
last part of August and hatching during the latter part of 
the following April and the first week in May. The over- 
wintering eggs began hatching in Door County orchards 
about the pink stage development of the trees, which oc- 
curred the last week in May in 1956 and the second week 
in May in 1957 and 1958. The first summer-generation 
eggs were laid by blossom time each year (first week in 
June 1956 and last week in May for 1957 and 1958) 
whereas Cagle (1946) reported that the first summer eggs 
were laid the second week in May. Peaks of active and egg 
stages were clearly defined with population growth curves 
of the egg stage following that of the active stages. Lines, 
representing the growth curves of each, crossed at more 
or less regular intervals. Such was not true, however, in 
1956 when an overlapping of the third and fourth genera- 
tion of the active forms was apparent. Also, the second 
and third generation egg stages reached a higher peak and 
remained at higher numbers than the active stages. The 
late spring of 1956, which was followed by unseasonably 
high temperatures in late June (fig. 1), could have pro- 
vided very favorable conditions for maximum production 
of eggs by the first two summer generation adults. The 
peak of eggs shown for 1956 is well within the potential of 
the adults. Cagle (1946) reported an average of 18.8 eggs 
per female. The highest peaks of eggs in 1956 and 1957 
were those laid by the first summer generation adults. 


European red and predaceous mite population growth curves in an unsprayed orchard in 1958. 


This was not true, however, in 1958 (fig. 2). Anderson 
(1947) stated that population buildup depends primarily 
on favorable weather in the spring, the most critical 
period being from the hatching of the overwintering eggs 
to the deposition of the first summer eggs. He also re- 
ported that only 7 days were required for development 
from egg to adult at 70° F. Cagle (1946) found that de- 
velopment from larvae to adults required 20 days at 
55° F., 15 days at 60° F., and only 10 days at 65° F. The 
incubation period of the egg required 5 days at 76° F. as 
compared with 20 days at 56° F. The population growth 
curves (fig. 2), when related to the prevailing tempera- 
tures (fig. 1), appear to agree with these data. 

Figure 3 shows the population growth curve for 1958. 
This result is a composite of the four curves shown in fig- 
ure 5. Four distinct generations are shown with some in- 
dication of a fifth. It is possible that the predaceous mite 
populations (fig. 3) depressed what would have normally 
been the fifth generation. A fifth generation did occur the 
latter part of August in 1956 and 1957. The predaceous 
mites, which surpassed the European red mite popula- 
tion on August 18 and remained at a higher level for the 
remainder of the season, were sufficient to have brouglit 
about natural control at that time. Anderson (1947) noted 
such a phenomenon in his studies on the fruit tree spider 
mite in Germany. Predaceous mites were the only preda- 
tors observed in association with the European red mite 
throughout the study. At least two species were presell. 
They were Typhlodromus (Amblyseius) fallacis (Garmat) 
and Typhlodromus (Amblyseius) finlandicus (Oudemans): 
The former species comprised 95% or more of the pre: 
daceous mite population in 1958. Predaceous mites wert 
in very low numbers in the check populations in bot! 
1956 and 1957. This was probably caused by repeated 
applications of chlorinated hydrocarbons in the commer: 


3 Specimens were identified by Dr. D. A. Chant, Belleville, Ontario. 
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cial orchards, the sites of the studies during those years. 

Figure 4 shows the population on the check trees in re- 
lation to that on the treated (average of the three pre- 
blossom acaricide plots) trees. The population on the 
treated trees reappeared earlier and reached a higher peak 
in 1956 than in 1957. In both years the population on the 
treated trees exceeded the population on the check trees 
by the end of August and continued at a higher level for 
the remainder of the season. 

The population growth curve of each pre-blossom acari- 
cide treatment and check in 1957 is shown in comparison 
with the population that occurred on the same trees in 
1958 when the trees received no sprays (fig. 5). The popu- 
lation in each treated plot exceeded the check population 
at the end of the 1957 season as in 1956. More mite larvae 
emerged from the over-wintering eggs in May 1958 on the 
treated trees than on the check trees. The population in 
the ovex plots averaged seven mites per leaf by the middle 
of September, having exceeded the check population dur- 
ing the first week. The mites that emerged on the same 
trees in 1958 averaged 10 per leaf. The population in the 
Mitox plots averaged one per leaf, exceeding the check 
during the last week in September. The active stages 
emerging the following spring averaged eight per leaf. 
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The population in the Genite plot exceeded the check 
population the last week in September and averaged } 
mite per leaf. The following spring (1958) they averaged 
five per leaf. The mites emerging from the overwintering 
eggs laid on the trees in the 1957 check plot averaged 
three mites per leaf. In each instance, the 1958 popula- 
tion, following the 1957 treated population, reached its 
highest peak the last week in June, with peaks higher than 
the population which occurred on the 1957 check trees. 
The populations in the check plots in 1956, 1957, 1958 
reached their highest peaks the latter part of July. 

The results of the 1957 pre-blossom acaricide control 
studies and the followup 1958 population studies (fig. 5) 
indicated that more overwintering eggs were laid in the 
treated plots than in the check. Morgan & Anderson 
(1958) reported a similar occurrence in relation to their 
5-year-control study of the European red mite in British 
Columbia using parathion. They stated that an abnormal 
number of overwintering eggs were laid in the parathion- 
treated plots and that more eggs were laid on trees receiv- 
ing three sprays than on those receiving two sprays of 
parathion. Kuenen (1949), in Holland, found that when 
the fruit tree spider mite populations become high enough 
to bronze the leaves at high temperatures, they left the 
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Wisconsin are in agreement with the observations re. 
ported previously. 
The fact that the low populations on the treated trees 
late in September 1957 laid unusually large numbers 0 
overwintering eggs lends support to the compensation 
principle. This principle states, in effect, that one biologi. 
cal phenomenon effects another in order to maintaiu: sta. 
bility of nature. In this instance the mortality of the spe. 
cies (owing to acaricide) was offset by increased reproduc. 
~ ae ee tion. Morgan & Anderson (1958) indicated this when they 
(Ovex-1957) reported that parathion sprays on apple trees over a 5. 
er Oraeeoe year period had three different effects on the European 
red mite: (1) good control initially; (2) gradual develop. 
ment of a resistant strain; and (3) an apparent stimula. 
tory effect. The unusually high and early population 
peaks (fig. 5) that occurred the last week in June 1958 on 
those trees treated in 1957 indicated that the compensat. 
ing factor (or factors) referred to was somehow carried 
over through the overwintering eggs to the following c 
season’s population—in effect, a continuation of the phe. Jj, 
nomena associated with the compensation principle. flow 
Although the data are not adequate to draw firm con. J Wit 
clusions, it does appear that herein lies part of the secret [J that 
of the European red mite’s inherent ability to recover Ht 
UNSPRAYED- 1958.» following near complete reduction of the population & | 
MITOX- 1957 » through adverse environmental conditions caused by — “” 
toxic chemicals, or its rapid ability to develop resistance 
to chemical control. Additional basic research into the a 
fundamental biology and ecology of the species is needed J j;,.. 
to clarify these problems. 
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wf Field Evaluation of Commercially Produced Bacillus thuringiensis Berliner 


evelop. 


° T ~ . 7 
in Used for Control of Lepidopterous Larvae on Crucifers' 
ulation 
1958 Irvin M. Hawi? and Luoyp A. Anpres,? University of California Citrus Experiment Station, Riverside 
on y 9 I 

pensat- 

carried ABSTRACT most cases the products were proved to be pathogenic to 
lowing Commercially produced samples of spore material of Bacillus Ccertam test insects im gross bioassay tests. It is known 
he phe. thuringiensis Berliner were tested in sprays and dusts on cauli- that the insecticidal activity of a crystal-bearing organ- 
le. fower and cabbage plants for control of cruciferous insects. ism such as B, thuringiensis is invested in the toxin within 
'M. con- With coverage an important factor, dusts appeared to be better the proteinaceous crystal, and the activity of the spore 
> secret J than sprays. No control of the beet armyworm, Laphygmaexigua jin most instances is considered of little importance 
recover oe wet erg r " pie ree kill of 4 ——— against susceptible insects. Therefore, it is recognized 
ulation JR looper, ner appsannitig se (Hbn.), and of the imported cabbage- that the comparison of the effectiveness of a material from 
it te worm, Pieris rapae (L.), a minimum dosage of 25X10!* spores . . 
sed by ; Saale eye! one source with that of another on the basis of only total 
A per acre was required. However, it is likely that higher dosage “abl ‘3 difficult. si ate He th tl ; 

to th levels of up to 68X10"? spores per acre may be necessary for in- ERED Ee nT ee ee ee 
ato the sect control in some situations. The materials were rather short Spore count might vary greatly in crystal content and 


thus differ strikingly in pathogenicity. However, since no 
means for establishing the accurate toxic effect of ma- 
terials other than by bioassay has been developed, it was 

Preliminary laboratory and field tests have indicated necessary to rate the various products according to their 
the susceptibility of various crucifer-feeding lepidopter- viable spore counts with the assumption that each ma- 
ous larvae to Bacillus thuringiensis Berliner and have _ terial would have a similar ratio of crystals to spores and 


needed lived on the plants and lost their effect after 5 to 10 days. 


gy and 


landw. 
8 (+1 suggested its possible use in treatment programs designed — thus would have a pathogenicity rating comparable to its 
for the control of these pests on a commercial scale spore count. 
d mite.  (Tanada 1956, Hall & Dunn 1958). Since the report of Unless otherwise noted, all dusts were applied with a 
these findings, commercial concerns have developed pro- _hand-operated rotary-type duster with a solitary nozzle. 
. 1952. duction methods for the mass culture of the bacillus, and Both sides of each row were dusted separately to ensure 
1. dows an increasing amount of the microbial insecticide has be- good coverage. The sprays were applied with a hand 
cchiaa come available for field testing. sprayer, generally with three flat fan nozzles per row, at 
The object of this study was to determine the practica- 40 to 60 pounds pressure. A suitable wetting agent was 
— bility of using this material for control of field popula- added to each material. Insect counts in the test plots 
s-based tions of the cabbage looper, Trichoplusia ni (Hbn.), the | were expressed in the number of small (S= first instar), 
imported cabbageworm, Pieris rapae (L.), and the beet medium (M=second instar to 3 inch in length), and 
mpling armyworm, Laphygma exigua (Hbn.), on crucifers, and to large (L=over } inch long) worms alive on a given num- 
> citrus determine its possible advantages and limitations for _ ber of plants. 
». Cire commercial usage. Test No. 1.—Several bacillus spore preparations were 
ik. MATERIALS, Mernops, AND Resutts.—The materials sprayed and dusted on young cauliflower plants 10 to 12 
ae used in these tests were samples of commercially pro- inches tall for control of the cabbage looper and imported 
duced Bacillus thuringiensis received from Bioferm Cor- cabbageworm. Hollow-cone nozzles were used in applying 
etrany- poration, Wasco, California; Merck & Co., Inc., Rahway, the initial sprays, but because of clogging difficulties, 
elation New Jersey; and Nutrilite Products, Inc., Buena Park, these were later abandoned in favor of the larger flat-fan 
California. Determinations of potency based upon the nozzles. All plots consisted of single rows of plants and 
te col number of viable spores per gram of dry material to serve were 100 feet long and replicated four times. The rows 
4 asa guide to the virulence of each product were furnished —_ treated with dust were bordered by single untreated rows 
. 1956 in most instances by the manufacturers. These counts on each side to prevent contamination. The results of 
ns. Il were checked by germination tests when considered neces- _ this test are presented in table 1. 
on ‘ary, and each material was rated as to concentration of Despite application difficulties, owing to clogging of the 
oui viable spores. No information was received from the 
3-5. manufacturers concerning the ratio of “crystals” to t Paper No. 1138, University of California Citrus Experiment Station, River- 
mp [J Yorsin the diferent materials, and no determinations of “aor Scapegoat 


this type were made prior to the field tests, although in 3 Assistant Entomologist, Department of Entomology. 
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Table 1.—The effect of spores of Bacillus éhuringiensis applied as a spray or as a dust for control of the cabbage |oope, 
and the imported cabbageworm on cauliflower plants on the Morimoto farm, Westminster, California, 1958. 
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3.33 10° 


Total 
Spores/A. 


Gals. 


per A. 


iz 
= 


62.1 


0.4510" 
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71.6710" 
203.21 10" 


to oS = <¢ 15 
“OW HOU 


tw 


Dust 
3.33 10° 
Untreated 

L.S.D. @ 5% level 
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86.4 q 0 1 
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® S=first instar; M =second instar (to } inch in length); L=large (over } inch in length). 


> Plots treated with parathion on June 9. 
© Pounds per acre. 


spray nozzles that caused some variation in the number 
of gallons of spray per acre, certain reliable assertions 
can be made: (1) although a wide range occurred in the 
number of spores applied per acre in sprays, the results, 
based mainly on counts of small and medium worms 
(since there were not enough large caterpillars to be sig- 
nificant) indicate that in most instances there was not 
much difference in the per cent control of total larvae of 
either species of insect. Since some mortality was attained 
even at the lowest dosages, it was apparent that adequate 
coverage with the sprayed materials to ensure infection of 
a high percentage of worms was an important factor; (2) 
on the basis of total spores per acre, the single dust appli- 
cation gave better control than all the sprays, including 
the one in which the total number of spores applied was 
greater. In this case, control was still occurring after 12 
days. 

On the basis of these observations, it was felt that the 
coverage of the material on the plant was extremely im- 
portant and that perhaps the better control by the dust 
was caused by a more thorough coating of the bacillus 
material being deposited over the plant (especially on the 


underleaf surfaces where the smaller- and medium-sized 
larvae occur). Therefore, it was decided to work with 
dusts to establish the dosage level (spores per acre) most 
suitable for control of insects on crucifers. 

Test No. 2.—Four spore dust treatments, in which the 
manufactured dust (3.33 X10° spores per gram) was for- 
mulated with pyrophyllite to the desired spore counts, 
were applied to young cauliflower plants 8 to 9 inches tall 
for control of the cabbage looper. Each plot was three 
rows wide and 75 feet long and was replicated four times. 
The results of this test appear in table 2. 

The differences in density, owing to the varying 
amounts of pyrophyllite, appeared to affect the flowa- 
bility of the materials. However, a comparison of the 
total number of spores applied per acre with the worm 
counts suggests a direct dosage-mortality response. It 
will be noted that after 2 days the greatest mortality oe- 
curred with the smaller worms, while after 6 days there 
was a significant reduction in the number of cabbage 
loopers of all sizes. At these dosages, the material seemed 
to lose its effectiveness sometime between 6 and 12 days. 

A small number of imported cabbageworms also was 


Table 2.—Effect of Bacillus thuringiensis applied as a spore dust to cauliflower plants for control of the cabbage looper 


on the Wada farm, Westminster, California, 1958. 
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* Spore dust applied at the rate of 24.13 pounds per acre. 
> S=first instar; M =second instar (to 4 inch in length); L= large (over 4 inch in length), 





in len 


pres 
in te 
tion 

cabl 

On t 
incre 
men 
T 
men 
plot: 
inch 
long 
test 

Tl 
taini 
the ¢ 
obta 
ment 
No. 

spore 
appli 
medi 
Te 
comy 
plant 
for tl 
hage 


Tal 
trol o: 


V0.5 


Looper 


——— 

— 
F ATMENT 
2 Days 


Contro! 


f 
Total 
Worms 


-sized 
with 
most 


h the 
s for- 
punts, 
28 tall 
three 
‘imes. 


rying 
lowa- 
f the 
worm 
se. It 
LY Oc: 
there 
»bage 
emed 
days. 
) was 


ooper 


nt rol 
Total 


Oetover 1959 


Table 3.—Effect of Bacillus thuringiensis applied as a 
spray or dust to cauliflower for control of the cabbage looper 
on the Wada farm, Westminster, California, 1958. 
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No. or CaBBaGce Loopers*/80 
PLANts ON Juty 7 (5 Days 
AFTER TREATMENT) 
TREATMENT, JuLy 2 —e neal: $F 





Control 

Lb. Dust or of Total 

Gal. Spray Worms 
per A, S I (%) 


Taiaterial 


Ap res 


3m.) 


Total 
Spores/A. 


Dust 
1.66 X 109 
1.11 X10° 


33.2 
45.0 


24.99 X10" 
22.66 X10" 


Spray 
2,00 X10" 85.28 XK 102 
Untreated - 
LS.D. @ 5% level 
@ 1% level 


94.0 j 42 
- 33.5 
19.0 

27.3 





4S =first instar; M =second instar (to 4 inch in length); L =large (over $ inch 


in length). 


present in the field. Although the counts are not presented 
in table 2, they revealed that the cabbageworm popula- 
tion followed much the same trend as the population of 
cabbage loopers in response to the dosage applications. 
On the last count, the cabbageworms also appeared to be 
increasing in numbers, thus indicating that the treat- 
ments were not long lasting. 

Test No. 3.—Two dust treatments and one spray treat- 
ment were superimposed over half of each of three of the 
plots in test No. 2. At this time the plants were 12 to 14 
inches high. Each plot was three rows wide and 37.5 feet 
long and was replicated four times. The results of this 
test are presented in table 3. 

The large size of the plants caused some difficulty in ob- 
taining good underleaf coverage with the spray, although 
the gallonage applied was relatively high. The mortalities 
obtained with the two dosages of dust were in fair agree- 
ment with the dosage-mortality response obtained in test 
No. 2 when compared on the basis of total number of 
spores per acre. In this test, as in test No. 2, the dust 
applications caused a significant reduction in large and 
medium-sized cabbage loopers. 

Test No. 4.-Effects of three bacillus spore dusts were 
compared with those of DDT-toxaphene dust on cabbage 
plants 3 to 4 inches tall and planted two rows to a bed 
for the control of the cabbage looper, the imported cab- 
hageworm, and the beet armyworm. The dusts were ap- 
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plied with a tractor-mounted rotary, barrel-type duster. 
A separate nozzle was directed over the center of each 
row. Each plot was five rows wide and 400 feet long and 
was replicated four times. The results of this test appear 
in table 4. 

In this test, the small size of ihe plants made it some- 
what easier to obtain good coverage. The commercial 
application of the bacillus dust mixture caused considera- 
ble mortality to cabbage loopers and imported cabbage- 
worms of all sizes after 5 days, but the effectiveness of the 
material dropped sharply between the fifth and tenth 
days. The differences between the dosages were slight 
and were not significant. The beet armyworm, an insect 
showing only slight susceptibility to Bacillus thuringiensis 
in laboratory tests (Hall & Dunn 1958), proved to be re- 
sistant in the field. The small number of infected larvae 
noted when the counts were made was reflected in the low 
mortality figures. 

Discussion.—The main objective in this study was to 
determine the proper dosage of commercially produced 
Bacillus thuringiensis for control of the various major in- 
sect pests of cruciferous crops in California. In addition, 
it was planned to compare the relative effectiveness of the 
different samples of bacillus preparations. The latter goal 
was abandoned when the results of the first test indicated 
that dust applications would be required for satisfactory 
kill of the pest insects, and only certain of the prepara- 
tions on hand were adaptable to formulation into dusts. 

The superiority of dusts over sprays in this instance 
lends evidence to the importance of proper plant coverage 
with the infective material in order to obtain satisfactory 
kill of the susceptible insects. In this era of revolutionary 
complex chemical insecticides, many of which have fum- 
ing actions that ensure insect mortality, complete cover- 
age has often become of secondary importance. Such is 
not the case with B. thuringiensis because of the mode of 
action of the organism. The bacillus, with its spores and 
crystalline inclusions, acts essentially like a stomach 
poison, of which material the susceptible insect must in- 
gest enough to sicken quickly and die. Therefore, com- 
plete or good coverage is essential for significant reduc- 
tion in population. 

The dusts used in these tests were diluted to the de- 
sired spore concentrations with pyrophyllite from an orig- 
inal spore material in a celite carrier. The undiluted spore- 


Table 4.—Effects of spore dust of Bacillus thuringiensis and of toxaphene-DDT dust applied to cabbage plants for con- 
trol of the cabbage looper, imported cabbageworm, and beet armyworm on the Hauser ranch, Westminster, California, 1958. 
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Imported Cabbageworm Beet Armyworm 
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“S=first instar; M =second instar (to } inch in length); L=large (over 4 inch in length). 
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celite material was not altogether satisfactory as a dust 
because of poor flowability through the duster ducts and a 
tendency to drift when applied rather than impinge on 
the plant surfaces. Although good kill of the cabbage 
loopers and the imported cabbageworms was obtained 
with the dilutions used in the tests, it is believed that ef- 
fective control with lower dosages may be possible with 
the use of better dust formulations prepared by the com- 
mercial concerns. In this regard, it is noteworthy that if 
the material has too low a spore count, the increase in the 
bulk of the material may have an adverse effect on its ap- 
plication. 

The standardization of dosages is more difficult with a 
material like Bacillus thuringiensis than with a chemical 
insecticide. The commercial microbial material contains 
two ingredients—viable spores and crystalline inclusions. 
While the latter are known to be the more important, 
since they create a toxic effect in susceptible insects and 
are theoretically present in unaltered material at the same 
concentration as the spores, their role as a separate insec- 
ticidal entity has not as yet been exploited. The materials 
have been standardized only on the number of viable 
spores present in each gram of dry material and the sev- 
eral commercial concerns attempting production of the 
bacillus have stabilized on experimental products with no 
effort at establishment of an industry-wide uniformity of 
spore (or crystal) concentration. It is evident that a more 
effective method of standardization is necessary for un- 
derstanding and use of B. thuringiensis by the experi- 
mental worker and the practicing entomologist. Although 
the results reported in this paper are expressed in terms of 
total spores per acre, the authors found it prudent to-se- 
lect arbitrarily a standard concentration for use in their 
field studies. The choice of a level of 100 billion spores 
per gram (with an assumed equal concentration of 
crystals) permitted easy conversion of any less-concen- 
trated or more-concentrated material to a level that would 
allow dosages to be expressed in terms of ounces or 


pounds (rather than fractions or multiples thereof) of 
material per acre. 

It is apparent that the dosage of Bacillus thuringiensis 
most suitable for control of the cabbage looper and the 
imported cabbageworm varies with the worm population, 
larval size, and size of the plants being treated. It appears 
that dusts are much more effective than sprays in achiey. 
ing the coverage necessary to assure good kill of the pest 
insects. The results of the tests with the various samples 
of commercially produced bacillus material indicate that 
a minimum dosage of about 25 X10" spores per acre may 
be needed to obtain at least 80% kill of the cabbage 
looper and the imported cabbageworm. Moreover, it is 
likely that dosages up to the level of 68 X10" spores per 
acre may be required in some situations to ensure effee. 
tive control of the insects. In terms of the 100 billion 
spores per gram level of standardization as used by the 
authors, the above dosage range would be expressed as 
about 0.5 to 1.5 pounds of 10X10'° spores per gram B. 
thuringiensis applied in about 30 pounds of total dust per 
acre. In losing effect after 5 to 10 days, the bacillus ma- 
terial does not appear to be long lasting on crucifers, and 
repeated applications may be necessary. 

Since the bacillus is not highly pathogenic to some in- 
sects, such as the beet armyworm, that may appear on 
cabbage or cauliflower and has no effect on the cabbage 
aphid, it is evident that on occasion, where the bacillus 
is used, there may be a need for supplemental applica- 
tions of chemical insecticides or other as yet undeveloped 
microbial materials. 
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Pseudococcus citriculus Green and Its Parasites! 


S. E. Franpers, University of California Citrus Experiment Station, Riverside 


ABSTRACT 


The citrus-infesting mealybug Pseudococcus citriculus Green 
has frequently been misidentified as P. comstocki (Kuw.), a 
species not known to reproduce on citrus. P. citriculus is widely 
distributed in East Asia and appears in certain regions to be held 
at low densities by entomophagous insects. Early importations 
into California of the parasites of this mealybug were released 
for the control of Planococcus citri (Risso). The life history of 
Coccophagus pseudococct Comp., like that of C. gurneyi Comp. 
parasitic in Pseudococcus gahani Green, is peculiar in that the 


During the past 25 years a citrus-infesting mealybug 
has been confused with Pseudococcus comstocki (Kuw.), a 
species which it closely resembles in appearance and in 
structure (Ferris 1950). Specimens of the citrus-infesting 
species collected in China, Formosa, and Brazil were re- 


unfertilized egg hatches only when the body fluids of the para- 
sitized mealybug are consumed by a companion parasite. Pseudo- 
coccus citriculus parasitized by Coccophagus pseudococci has been 
obtained from citrus and Pandanus but only in the vicinity of 
Taipo Market in South China. The continuing successful control 
of P. citriculus on citrus in Palestine by Clausenia purpurea 
Ishii may be dependent on the absence of the hyperparasite 
Lygocerus sp. 


cently reexamined by Howard L. McKenzie, University 
of California at Davis, and identified as P. citriculus 
Green. Most, if not all, specimens of the so-called P. 


! Accepted for publication March 23, 1959. 





Vol. 52, No. § 


fruit 

1950 

Si 

for 1 

cocen 

festil 

Chin 

by s 

note: 

shore 
of a) 
this | 
S. Sn 
repor 
(1927 
odora 
whicl 
wort] 
the p 
speci 
sitize 
as ps 
from 

taken 
Cla 
Mala: 
Plano 
congr 
prefer 
under 
Novel 
in Chi 
the m 
small 

Kong. 
had al 
of the 
In Ch 


ome 
NS8is 


(3): 


rous 
9. 


October 1959 


comstocki collected on citrus are to be considered P. 
eitriculus. 

Green (1922) described this species from material col- 
lected in 1910 from citrus in Ceylon. A survey of the lit- 
erature shows that the name Pseudococcus citriculus has 
been used to designate this mealybug only on three occa- 
sions, Ehrhorn (1932) noting the discovery in 1931 of 
this species on citrus in Hawaii, Clausen (1933) stating 
that in Singapore and Kuala Lumpur it was occasionally 
abundant, and Borkhsenius (1948) correcting its mis- 
identification on citrus in Palestine. It is noteworthy that 
in 1932 S. I. Kuwana (Compere 1933) considered that the 
common citrus-infesting mealybugs in Japan were un- 
described. 

The distinction between Pseudococcus comstocki, which 
feeds on deciduous plants, and the citrus-infesting P. 
citriculus is emphasized by the fact that the serphoid 
Allotropa burrelli Mues. will parasitize the one but not 
the other. This parasite was reared from mealybugs taken 
in the field on pears but not from any taken on citrus 
(Rivnay 1946). This difference in parasitization was con- 
firmed by Rivnay in laboratory tests. 

The mealybug parasite Coccophagus pseudococci Comp. 
has been reared several times from the citrus-infesting 
mealybug but none at all from the form on deciduous 
fruits (Compere 1933, Flanders 1953, Smith & Flanders 
1950). 

Silvestri (1930), while exploring East Asia in 1924-25 
for natural enemies of citrus pests, noted that Pseudo- 
coccus citriculus, although the most common citrus-in- 
festing mealybug throughout the various provinces of 
China, was temporarily abundant only when “protected” 
by strong colonies of the ant Polyrhachis sp. He also 
noted that the screw palm, Pandanus, growing along the 
shores of Tolo Harbour near Taipo Market was a host 
of a mealybug similar to Pseudococcus comstocki and that 
this mealybug was parasitized by a Coccophagus (Harry 
S. Smith correspondence). Pandanus had been previously 
reported as a host of this mealybug in Samoa by Laing 
(1927). In 1954 the writer collected from Pandanus 
odoratisimus, growing near Taipo Market, a mealybug 
which appeared to be Pseudococcus citriculus. It is note- 
worthy that this material may have been collected from 
the patch of Pandanus from which Silvestri collected his 
specimens. In any case, this mealybug was also para- 
sitized by Coccophagus which Harold Compere identified 
as pseudococct Comp., a species which he had described 
from specimens that he had reared out of P. citriculus 
taken on citrus near Taipo Market (Compere 1933). 

Clausen (1933) noted that Pseudococcus citriculus in 
Malaya, Java, and Sumatra is less injurious than 
Planococcus citri (Risso) because it lacks the habit of 
congregating in masses on the fruit. On pummelo, its 
preferred host, it feeds on the smaller branches and 
undersurfaces of the leaves. Repeated collections during 
November and December 1932 of P. citriculus from citrus 
in China by Compere (1933) showed no large colonies of 
the mealybug except on several small branches of three 
small trees in a citrus orchard in New Territories, Hong 
Kong. Predators and parasites by the end of December 
had almost entirely destroyed these large colonies in spite 
of the fact that ants swarmed over the infested twigs. 
In China, according to Compere, the conditions under 
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which the mealybug exists warrants the assumption that 
a satisfactory degree of natural control is maintained by 
natural enemies, the mealybugs being confined mostly to 
the inner surfaces of leaves matted together or otherwise 
protected. P. citriculus exists in Brazil under similar 
conditions. Extensive and intensive inspection of citrus 
in the state of Sao Paulo by the writer in March and 
April 1958 showed P. citriculus was generally distributed 
but scarce. It was found most readily in leaves webbed 
together by spiders. Many of the mealybugs in such a 
situation were parasitized. 

Compere (1939) reported that citrus trees grown for 
shade and ornament along the streets of Asuncion, 
Paraguay, sometimes bear small but exceedingly in- 
jurious infestations of Pseudococcus citriculus. That such 
infestations are ultimately destroyed by natural enemies 
is indicated by the fact that parasitization was evident in 
the remains of old infestations. 

SHIPMENTS OF PaRAsITEs TO CALIFORNIA.—C, P. Clau- 
sen, during the years 1916 to 1917, made many shipments 
to California of citrus-infesting mealybugs collected in 
Japan (see California Commission of Horticulture in- 
sectary notes Nos. 1233, 1289, 1300, and 1316). Clausen 
recently informed the writer that some of these ship- 
ments quite certainly consisted of Pseudococcus citriculus. 
The parasites reared in California from these shipments 
were species of Allotropa and Clausenia. 

These two species of mealybug parasites were first 
collected from citrus in Japan in the latter part of 1913 
by Smith (1914). At that time the primary consideration 
of the California State Insectary was the importation of 
the natural enemies of the citrus mealybug Planococcus 
citri. Japan was a logical place to search for such enemies 
because there citrus mealybugs were of no importance as 
pests. 

During the winter of 1913-14 several thousand adults 
of Allotropa were released by the Horticultural Com- 
missioners of San Diego and Ventura Counties on citrus 
trees in their respective counties which were infested with 
Planococcus citri. Beginning January 21, 1914, more than 
a thousand Clausenia were released in Ventura County. 
Clausen, upon returning to California, released 110 adults 
of Clausenia purpurea Ishii on citrus in the vicinity of 
Alhambra during the week ending August 9, 1917. 

The exact host relation of Coccophagus pseudococci was 
unknown until material was received in California as a 
result of the Asiatic importation program of the Depart- 
ment of Biological Control of the University of California. 
In August 1950 adults of C. pseudococci (18 females and 
3 males) emerged at Riverside from Pseudococcus citricu- 
lus (McKenzie determination) which had been collected 
in the citrus orchard at Tong Lok Yuen from which the 
type specimens of C. pseudococci had been obtained. 

Laboratory propagation was attempted by placing 
mated females in a mixed culture of Pseudococcus mari- 
timus (Ehr.) and Planococcus citri. Surprisingly a genera- 
tion of females completed their development in a few 
specimens of P. citri. A generation of males was obtained 
by allowing unmated females of Coccophagus pseudococci 
to oviposit in isolated specimens of P. citri that had 
previously received the eggs of the parasite Pauridea 
peregrina Timb. The male developed as a parasite of P. 
peregrina after the latter had consumed the contents of 
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the host mealybug. In this respect the life history of C. 
pseudococci is like that of C. gurneyi Comp., the males of 
which are hyperparasites of the mealybug Pseudococcus 
gahani Green (Flanders 1937). However, attempts to 
produce a second female generation of C. pseudococci 
on pure cultures of Planococcus citri failed. 

In May 1954 in a temporary laboratory of the Uni- 
versity of California at Taipo Market, Hong Kong, a cul- 
ture of Pseudococcus citriculus on Pandanus was para- 
sitized by one mated female of Coccophagus pseudococci. 
On May 15, 50 specimens of this mealybug, mummified 
by C. pseudococci, were sent to the Commonwealth 
Institute of Biological Control at Fontana, California. 
There these parasitized mealybugs yielded 46 females 
and 4 males of this parasite. The males unquestionably 
developed as parasites of the females. All attempts to 
produce females on pure and mixed cultures of Psew- 
dococcus maritimus, P. gahani, P. adonidum (L.), Plano- 
coccus citri, Phenacoceus solani Ferris, and Phenacoccus 
gossypii T. & C. failed (D. C. Lloyd, in litt.). 

BioLoGcicaL ContROL or P. ciTRICULUS IN PALESTINE. 

According to Compere (1933) the publication of his 
observations in China was for the purpose of calling at- 
tention to the natural enemies or the citrus-infesting 
mealybug Pseudococcus citriculus in case there should be 
a necessity to attempt its control by the biological method. 
Such a necessity was strikingly manifested during 1938 in 
the citrus orchards of Palestine (Rivnay 1939). In 1940 
the polyphagous encyrtid Clausenia purpurea was in- 
troduced into Palestine from Japan and quickly ended 
the devastating attack of this mealybug on citrus (Rivnay 
1946). 

The effectiveness of Clausenia purpurea in Palestine is 
attributed in part to its freedom from direct hyperparasi- 
tism. Fortunately, the ceraphronid Lygocerus sp., which 
had parasitized about 50% of the C. purpurea pupae im- 
ported from Japan, does not as yet occur in Palestine 
(Rivnay 1946). 

The importance of Lygocerus as a parasite of Clausenia 
purpurea is revealed by the investigations of Clancy 
(1944), who stated that in North America it may be the 
decisive factor limiting the effectiveness of C. purpurea 
in controlling Pseudococcus comstocki on deciduous fruit 
trees. Should Lygocerus ever become established in Pales- 


tine the importation of Coccophagus pseudococei would 
probably be in order. 
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NOTICE TO MEMBERS 


Authors are urged to consult the latest revised list of ““Common Names of Insecticides.” $ 


See 


JOURNAL OF Economic EnromMo.Loey 52(2) : 361-362. April 1959. Reprints are available free upon 


request to the Office of the Executive Secretary. 


The chemical definition of each insecticide, the name of which does not appear in this list, 
should be given the first time the name occurs in a manuscript accepted for publication by the 
Entomological Society of America; also in the abstract. 
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Effects of Naphthenic and Paraffinic Petroleum Composition 
at a Comparable Molecular Weight or Viscosity 
on Photosynthesis of Eureka Lemon Leaves! 


L. A. Riesz and R. T. Weppinea,? University of California Citrus Experiment Station, Riverside 


ABSTRACT 


Experiments were conducted for the purpose of comparing the 
effects of naphthenic and paraffinic petroleum composition at 
comparable levels of molecular weight or viscosity on the ap- 
parent photosynthesis of Eureka lemon leaves. The procedures 
followed were the same as those described in a prior report. At 
a deposit level comparable to that of a practical field dosage, no 
effects on photosynthesis were evident for the difference in 
paraffinicity at a molecular weight of 306 to 308 or a viscosity of 


70. In the high range of oil deposit, indicative of the situation in 
oil-soaked tissue, initial inhibition of photosynthesis was about 
the same, but recovery was faster for plants treated with the 
naphthenic oil than for those treated with the paraffinic oil of 
comparable molecular weight or viscosity. The difference in rate 
of recovery associated with the difference in paraffinicity is 
greater for oils of comparable viscosity than for those of com- 
parable molecular weight. 





The effects of napthenic and paraffinic petroleum com- 
position at a comparable molecular weight on the trans- 
piration of Eureka lemon and Bearss lime plants were 
compared in a report by Riehl & Wedding (1959b). A 
brief statement of the background for investigations of 
the relation of paraffinicity to the effect of petroleum oils 
on the physiological functions of citrus may be found 
there. 

The experiments reported here were conducted to 
compare the effects of naphthenic and paraffinic com- 
position of saturated, narrow-cut petroleum fractions at 
comparable levels of molecular weight or of viscosity on 
the apparent photosynthesis in Eureka lemon leaves. 

MatTerIALS AND Metuops.—The oils of naphthenic 
and paraffinic composition used in these experiments were 
selected from the series of fractions of parent stocks 
available in our laboratories by matching for molecular 
weight or viscosity as nearly as possible. Selected proper- 
ties of the fractions chosen are listed in table 1. The dis- 
tillation ranges of the narrow-cut fractions would occur 
within the distillation ranges of light-medium-grade and 
medium-grade California foliage spray oils. 

Descriptions of the procedures followed may be found 
ina report by Riehl & Wedding (1959a). 

Discussion oF Resuutts.—The data obtained by cal- 
culations of regressions of percentage inhibition of photo- 
synthesis on oil deposit for a deposit range of 100 to 300 


2. 1.—Selected properties of the petroleum fractions 
used. 


PrerroLeuM FRAcTIONS 





Naphthenic 
N-4 N-: P-4 


Paraftinic 
PROPERTY 


Molecular weight® 29: 308 
Percentage paraffinic composition 
Lipkin-Kurtz analysis 39.6 .2 70.: 
Waterman analysis 52. 54.1 78. 
Distillation temperature, ° F. 
10% 638 655 
90% 628 642 663 687 
90% 633 647 668 694 
\.PLT. Gr ivity 29.4 29. 37. 36.6 
Viscosity, S.S.U. at 100° F. 70.7 79. 60. 69.2 
Unsulfonated residue 95.2 94.6 99, 98.2 





* Molecular weight determined by viscosity correlations of Mills et al. (1946). 


Table 2.—Effects of certain naphthenic and paraffinic 
petroleum fractions on calculated mean percentage inhibition 
of photosynthesis in leaves of Eureka lemon at intervals 
after application (deposit of 150 ug./sq. cm. of leaf surface). 





Per Cent 
INuIBI- 
AFTER TION OF 
Perroteum Appui- Pxorto- 
Frac TION CATION SYNTHESIS 


F ror 
SLOPE AT 


CoerFI- 
CIENT OF 

CorRRELA- 
TION, F 


Days 
REGRESSION 
EQuaATION, 
Y=a +bhX* 
Naphthenic 
N- 0.215X —30.! 
.120X —24. 
—.158X+23. 
.186X+ 0. 
.203X —41.5 
.059X —26.% 


7 
mA 
MMOnI DE 


0 


Paraflinic 
P-4 .173X —11.$ 4 
.166X —24.7 6 3.87 
-118X+ 0. 78 .oa** 
.199X —28.1 aa .49* 
.257X —32.7 06** 
.167X —15.3 . 64 5.45* 


7 


P-5 


Oe me 


2 





® Y =Per cent inhibition of photosynthesis; Y =yg. oil ‘sq. cm. ot leaf surface. 


ug. oil/sq. cm. of leaf surface are listed in table 2, and for 
a deposit range of 300 to 600, in table 3. 

Although the various values of percentage of inhibition 
listed in table 2 are variable for each of the given intervals 
after application, the data indicate that the rate of re- 
covery with time is faster for the plants treated with the 
naphthenic oils. In two instances (table 2), that of oil 
N-5 at 2 days and of oil P-4 at 21 days, the inhibition is 
greater than that generally found in work with other 
oils at the deposit level of 150 ug./sq. em. (Riehl & Wed- 
ding 1959a). 

At the moment of application, the deposit of oil occurs 
on the surface of the leaf; this surface deposit is followed 
by penetration into the leaf tissue, which is the initial 
dominant activity of the oil. Dissipation of the oil into 
the air is also taking place, but at a slower rate than that 


1 Paper No. 1139, University of California Citrus Experiment Station, River- 
side, California. Accepted for publication March 23, 1959. 
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Table 3.—Effects of certain naphthenic and paraffinic 
petroleum fractions on calculated mean per cent inhibition 
of photosynthesis in leaves of Eureka lemon at a deposit 
range of 300 to 600 ug./sq. cm. of leaf surface at intervals 
after application. 





Per Cent Inur- 
BITION OF 
Days PxHorosyNTHEsis, 
Arter wa. O1n/Se. CM. 
Perro_eum Appii- 
*RACTION CATION s 
F 300 


Coerri- 
CIENTOF F For 
REGRESSION CorreE- SLOPE AT 
EQUATION, LATION, 1 AND 
500 "=a+bX* r 8 DF 
Naphthenic 
N-4 =0.108X+ 4.6 0.88 26.17* 
.042X —23.4 39 1.41 
.142X— 8.2 .79 2.08** 
.076X— 4.1 5.86* 


35. 56.1 
—10. —2.4 
N-5 34. 62.8 
33.9 


Paraffinic 
P-4 7 32. 50.5 
18. 51. 
P-5 30. 51. 
338. 63.2 


0.088X+ 6.3 0.! 2.96 
.164X4-30.4 . 8s 29.40** 
.083X+ 9.6 5.69* 
.152X —12.5 27.65** 


uu 





® Y =per cent inhibition of photosynthesis; XY =ug.oil/sq.cm. of leaf surface. 


of penetration. As the oil spreads and penetrates, occlu- 
sion of stomata is generally a factor in the inhibition of 
apparent photosynthesis for the first day or so after 
application. Variation in these conditions may have 
entered into the relatively high inhibition for oil N-5 as 
shown in table 2 for 2 days after treatment. Although the 
inhibition at 150 yg./sq. cm. in plants treated with oil 
P-4 is relatively high, the available evidence leads us to 
the opinion that it probably is within the limits of chance. 
Real effects on photosynthesis in Eureka lemon leaves 
are not evident in the data of table 2 for the difference in 
paraffinicity of the two types of petroleum composition 
at a molecular weight of 306 to 308 or a viscosity of 70. 
If oils similar to the fractions shown in table 1 were 
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used for pest control on citrus in southern California, 
data reported by Riehl & LaDue (1952) indicate that 
the deposit required would not exceed 150 ug./sq. cm. 
In the high range of oil deposit, the data of table 3 in. 
dicate that the initial inhibition of photosynthesis js 
about the same for naphthenic and paraffinic fractions, 
but that recovery is faster for Eureka lemon plants 
treated with naphthenic oils than for those treated with 
paraffinic oils of comparable molecular weight or viscosity, 

Also, the difference in rate of recovery associated with the 

difference in paraffinicity is greater for oils of comparable 

viscosity than for those of comparable molecular weight. 

In field usage, this consideration would be a factor in oil- 

soaked leaf tissue. Although the viscosities of oils N4 

and P-5 are comparable, the molecules of fraction P-5 

are appreciably larger, as indicated by the molecular 

weight and the fractional distillation data. 
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On the Biology of Chrysops flavida in the 
Yazoo- Mississippi Delta! 


L. F. Lewis,? Entomology Research Division, Agric. Res. Serv., U.S.D.AS 
gy g 


ABSTRACT 

Several hundred Chrysops flavida Wied. larvae were collected 
in the Delta area of Mississippi in 1955-56. Some were from 
around the roots of an emergent sedge, others were from around 
sedge in habitats that were dry for more than 6 months. Adults 
emerged in the laboratory in every month except August, 
September, and November. The average pupal period was 5 days. 
Submerged larvae readily fed on bloodworms in the laboratory 
but were observed to take no other food. Larvae in the laboratory 
were alive after being confined below water for 21 days. 


sy 


In Mississippi's Yazoo-Mississippi Delta Chrysops 
flavida Wied. was a severe pest of livestock for short 
periods in the springs of 1954 and 1955. Each year popu- 
lations came to a peak abruptly in May, stayed at a high 
level for about 10 days, and then declined rapidly. By the 
last week in June only occasional specimens could be col- 
lected, and this population level was maintained, with 
slight fluctuations, until mid-October. 

In 1954 an extremely wet spring and early summer were 
followed by an extended hot, dry period, which caused 


many habitats of tabanid larvae to become dry. In the 
winter of 1954-55, when water was again in the habitats, 
flavida larvae were collected that apparently had sur- 
vived for several months in dry ground. An opportunity 
to investigate this phenomenon occurred in 1955-56, 
when the weather pattern repeated that of the previous 
year, allowing periodic observations to be made on larvae 
in two habitats that dried up. Throughout 1955 and the 
first quarter of 1956 observations were also made on 
larvae in water-containing habitats, and on field-collected 
individuals in the laboratory at Stoneville. The com- 
bined observations are reported herein. 

Since most of the deer fly larvae from the vicinity of 
Stoneville did not pupate and emerge, and positive specil- 
ic identification of Chrysops larvae cannot be made at 
this time, some of the larvae reported on may have been 
other than flavida, but judged by adult collections this 
possibility is slight. Furthermore, in the Delta Tabanus 

! Accepted for publication March 23, 1959. 


2 Lonnie Newsome, Jr., assisted in this investigation. y 
‘In cooperation with the Delta Branch of the Mississippi Agricultural Ex 


periment Station. 
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larvae were almost constantly present in collections of 
(. flavida larvae, and larvae of Tabanus and other 
Chrysops species were also found with flavida in collections 
from elsewhere in the State, so that few, if any, of the ob- 
servations reported in this paper are regarded as being 
peculiar to flavida. The subspecies C. f. reicherti Fairchild 
occurs with flavida in the Delta, but since none of the 
findings presented in this paper are known to apply to one 
form more than the other, no attempt is made to differ- 
entiate between the two. 

DisTRIBUTION AND ImportTANCE.—Chrysops flavida is 
widely distributed in the Eastern United States, and in 
some areas is the dominant deer fly. Philip (1947, 1950) 
listed the species from 23 States, the Bahama Islands, 
Cuba, and Mexico. Brennan (1935) reported collecting 
records for every month except December and January, 
and said that other workers, not identified, had reported 
it from three States not listed in Philip’s catalog: Penn- 
sylvania, New Hampshire, and Maine. Including these 
three States, flavida has been collected in every Eastern 
and Southern seaboard State. Fattig (1946) listed records 
in Georgia for April, May, June, July, and September. 
Hine (1906) stated that it was perhaps the most common 
deer fly on the Louisiana coast in 1906, and the following 
year (Hine 1907) he collected or observed it in every sec- 
tion of the State visited, and reported that it was the 
worst livestock pest of its genus. Schwardt (1936) stated 
that flavida was the dominant Chrysops species over much 
of the east-central part of Arkansas. 

Snow et al. (1957) collected flavida from April 18 
through September 10, in surveys in the northern Ala- 
bama section of the Tennessee Valley watershed, where 
it was the most pestiferous deer fly observed. 

Schwardt (1936), collecting in the rice-growing area of 
Arkansas, took flavida larvae in various stages from 
around the submerged roots of rice plants. Others were 
collected from the mud banks of stagnant ponds in 
northwestern Arkansas. Jones & Bradley (1923) took a 
larva in mud from under a foot of water in Louisiana. 

MacCreary (1940) found that flavida larvae were 
capable of surviving considerable flooding. He collected 
them around the roots of salt-marsh cordgrass (Spartina 
alterniflora) from under 12 inches of water in a marsh 
pothole, in the floating sod of salt-meadow cordgrass 
(Spartina patens) from a brackish pool, in floating masses 
of Eleocharis parvula from a slightly brackish pool, and in 
dilute organic material 200 feet from shore in an area 
that never changed in moisture content except for an 
occasional complete flooding. He also collected them 
from above the water line in ponds and ditches in marshes. 

MacCreary called attention to an anomalous form of 
flavida, which was more common than the typical form 
in the Delaware collections, and Pechuman (1949) later 
described C. atlantica Pech. and at the same time erected 
the subspecies C. flavida celata Pech. from the eastern 
flavida complex. It is not known, however, whether any of 
MacCreary’s anomalous specimens were found to be 
atlantica or flavida celata. 

Mernops or CoLitectiInc Larvar.—Some of the 
flavida larvae discussed in this paper were taken by ex- 
ploratory digging or with collecting screens, but most 
were collected by placing material from the habitats in 
2- to 3-inch layers on small-mesh hardware cloth in large 
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Berlese funnels, the sheet-metal tops of which contained 
two heat lamps with the beams directed on the collected 
material. When the heating and drying action of the 
lamps drove the larvae from the media, usually in 24 hours 
or less, they were caught in pans partially filled with 
water and lined with paper toweling beneath which the 
larvae would take refuge. Attempts to collect larvae with 
a pyrethrum emulsion in the manner described by Bailey 
(1948) were unsatisfactory. 

Co.LLecTiIons IN ApriL THrouGH JuNE 1955.—From 
April through June more than 600 flavida larvae and 
pupae were collected. Several were from the mud along 
the grassy edges of borrow pits near the levee of the 
Mississippi River in the general vicinity of Greenville. 
Others were collected on April 25 from a muddy, cattail- 
bordered stretch of shore line of the artificial lake in 
Pelahatchie State Park. Several full-grown larvae and 
one pupa were taken on May 24 from a water-surrounded, 
grass-covered mound 12 inches in diameter which pro- 
jected about 8 inches above the surface of a pond near 
DeLyle. A full-grown larvae was taken on May 28 among 
the roots of an emergent herbaceous plant in a marshy 
area bordering the artificial lake in Clarko State Park 
north of Quitman. 

A large number of larvae were collected from a water- 
filled grader ditch and the cleared, pipeline-traversed 
portion of a swamp in the Delta Branch Experiment 
Station forest at Stoneville. Their distribution according 
to size is presented in table 1. No recently hatched larvae 
are included, but between mid-May and mid-June 1 


Table 1.—Per cent of Chrysops flavida larvae of different 
lengths collected at different times from dried and inun- 
dated habitats in the Yazoo-Mississippi Delta, 1955-56. 








Graver Ditcu AND SWAMP 





From Mud 
or Water 
April 1 to 
June 30* 

5- 7. 2.7 28.6 0.0 
8- 9 . 34.0 3.0 
10-11 d. 14.1 9.1 
12-16 % 23.3 87.9 


Warter-FiLLep 
HAaBITATs 
Ava. 1 To 
Marcu 3° 


From Dry 
Ground 
Aug. 1 to 
Jan, 9> 


LENGTH 











® 244 larvae. 
> 518 larvae. 
© 164 larvae. 


dishpanful of bottom ooze from the swamp commonly 
contained as many as 200 of them. Larvae were as far as 
100 feet from shore and were concentrated around the 
roots of the horned rush (Rhynchospora corniculata var. 
interior Fern.).4 

Most of the larvae were taken in April and May from 
around the artificial lake in Leroy Percy State Park. On 
April 18 they were found concentrated in drifted leaves 
near the lake’s heavily tree-canopied dam, and around 
the roots of most herbaceous dicotyledonous plants along 
the grass-bordered eastern shore line. One dishpanful of 
leafy material taken immediately above the dam yielded 


4 Determined by W. L. Giles, superintendent of the Delta Branch of the 
Mississippi Experiment Station. 
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180 full-grown larvae. Since they were not present in 
these sites earlier in the spring, the larvae evidently had 
migrated there just a short time before, when the water 
level was high. On April 18 the water was starting to 
subside and all larvae observed in one of the flat areas 
were adjacent to the water in saturated surroundings. 
Four days later the water level had receded slightly, but 
the larvae, still in saturated soil, had not moved. By 
May 3 the shore line had receded 10 feet, the soil around 
the insects was damp but not muddy, and approximately 
a third of all observed had pupated. By May 10 the water 
line had declined 30 feet, most individuals had pupated, 
and the many empty pupal cases indicated that emer- 
gence was near its peak. One week later empty pupal 
cases were abundant but larvae or pupae could be found 
only with difficulty. During the next month diligent 
searching along the east shore yielded only newly hatched 
larvae. 

Co.iections FROM Warter-FiLLep Hasirats AFrTer 
Avucust 11.—Most larvae collected from water-filled 
habitats after the first of August (table 1) were from 
around the roots of emergent horned rushes, cattails, 
or other herbaceous plants, and all were beneath or ad- 
jacent to water. These habitats included grader ditches, 
the grass-bordered shores of borrow pits near the Missis- 
sippi River, and the lake’s edge in Leroy Percy State 
Park. No larvae were found in drifted leaves, as was the 
case at pupation time in the spring. Most of them were 
collected in routine sampling and are regarded as repre- 
sentative of the large populations in the areas. 

In a search for larvae in habitats without herbaceous 
plants, 3 half-days were spent screening bottom 
samples 5 to 25 feet from shore above the dam in Leroy 
Percy Lake in an area that contains emergent trees and 
shrubs but no emergent herbaceous vegetation. No 
larvae were found, although they could be collected from 
around horned rushes a short distance away. Extensive 
digging with a hand pick in September and October in 
the dried-up, tree-covered portion of the swamp in the 
forest at Stoneville yielded no larvae, although they were 
abundant among the roots of horned rushes on the ad- 
jacent herbaceous-covered pipeline right-of-way. The hot, 
dry weather at this time caused the water level in several 
habitats to fall below normal. In contrast to their dis- 
tribution in the spring, flavida larvae were rarely found in 
samples from the roots of plants left above the receding 
water. 

From August 1, 1955, through March 3, 1956, frequent 
checks were made on the heavy larval populations in a 
water-filled grader ditch north of Stoneville and in Leroy 
Percy Lake. Except for a few days in September, during 
which water almost disappeared from the grader ditch, 
the water level in both habitats was fairly constant 
throughout the period. Although most of the larvae in 
both habitats were full grown by August 1, they did not 
migrate to drier ground where they could pupate, and 
pupae or empty pupal cases were not found in either area. 

LarVAE FROM Two Driep-Up Hasrrats.—A grader 
ditch in the station forest at Stoneville, where the larval 
population was under surveillance, dried up in mid-June, 
and a section of the swamp that was cleared for a pipe- 
line right-of-way in the same forest dried up about July 
1. As the standing water in the two areas disappeared, 
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Table 2.—Depth from which Chrysops flavida larvae were 
collected in dried-up habitats at Stoneville, Mississippi., in 
1955. 





NUMBER 





4-10 Inches 


0-4 Inches 


Date CoLLecTED 
October 28 Q7 5 
October 31 28 9 
November 7 6 0 
November 9 14 1 

Total 75 15 





all larvae below the upper 1} inches of soil became quies- 
cent and the black Sharkey clay of the habitats, which 
shrinks as it dries, contracted firmly around them. 

By September 1 the cleared portion of the swamp was 
dry and firm enough to support a car. During this dry 
period, which continued until mid-January, 518 larvae 
were collected from the two areas. Some larvae were taken 
by exploratory digging, but most were collected in circular 
soil samples 14 inches in diameter by 6 inches deep from 
around the roots of horned rushes. Maximum larval re- 
covery was obtained by soaking the samples in luke- 
warm water from 12 to 24 hours, crumbling them finely, 
and placing them in Berlese funnels. Less than one-fourth 
of the larvae taken from dry ground were full grown 
(table 1), but most of those from water-filled habitats 
during the same period were full grown. Depth samples 
revealed that most larvae were between 13 and 4 inches 
deep, but only a few were below 6 inches (table 2). 

When the standing water disappeared in the two 
habitats, the upper 1} inches of soil became powder dry 
and no larvae survived in this soil fraction, but it did 
contain empty pupal cases. Since pupae of this species 
cannot survive under water and a pupa was found in an 
adjacent similar habitat that had recently dried up, the 
empty pupal cases apparently represented larvae that 
had pupated and emerged as the soil was drying. 

On January 9, 1956, the final collection from the dry 
ground contained 6 larvae that were full grown, 2+ that 
were between 8 and 11 mm. in length, and 61 that were 
less than 8 mm. During the half-year period of quiescence 
no measurable reduction had occurred in the population 
below the 14-inch level. Soon after January 9 both habi- 
tats were again inundated. 

LABORATORY OBSERVATIONS ON FIELD-COLLECTED 
InpivipuaLs.—During 1955 and the first 3 months of 
1956, 368 flavida adults emerged in the laboratory at 
Stoneville (table 3), of which 186 were males. The shortest 
pupal period observed was 3 days (1.7%), the longest 7 
days (6.7%), with the greatest emergence (59.4%) on the 
fifth day. However, Schwardt (1936) reported a pupal 
period as long as 9 days for the species, and one field- 
collected pupa at Stoneville was held for 9 days before it 
emerged. Limited observations indicated a prepupal 
period of 1 day. 

Approximately 92% of the emergence in the rearing 
room occurred in April and May (table 3), but some 
pupation occurred in every month except August, Sep- 
tember, and November. Prior to mid-June the normal 
temperature in the rearing room was 80°+2° F., but it 
sometimes rose higher. From mid-June to December | 
an air conditioner held the maximum to 76°, and during 
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Table 3.—Monthly emergence records of 368 Chrysops 
flavida individuals." 


—_—_ 








MAaALes FEMALES 


MontTH 


January 5 + 

February 2 2 

March 1 

April 67 

May 109 

June 1 5 

July 1 1 

October 0 3 

December 0 § 
Total 186 182 





® No emergence in August, September, or November. 


this period only five larvae pupated. Since pupation and 
emergence occur in nature until mid-October in the 
vicinity of Stoneville, and an ample supply of full-grown 
larvae was present in the rearing room at all times, this 
temperature apparently is near the minimum that will 
stimulate pupation during this period. Temperature 
probably is the primary factor in stimulating pupation, 
for when eight full-grown larvae, collected on December 
13 from beneath ice in a water-filled grader ditch, were 
held in shell vials in contact with moist paper toweling 
at 80°+ 2°, pupation occurred on December 31, January 
1, 5, 6, 15, 28, and February 4 and 27 

Larvae 12 mm. long were observed to pupate, but the 
average full-grown larva is longer, and the maximum 
length is 18 mm. where measurements are based on the 
fully extended larvae as they crawl in water. No other 
method of measuring larvae was consistently repeatable. 
The wide range in size of full-grown larvae is illustrated 
by the weights of 12 randomly selected specimens which 
ranged from 15.7 to 46.2 mg. and averaged 28.8 mg. 
Pupal sizes also vary widely. 

When quiescent larvae from dried-up habitats were 
placed in contact with moist paper toweling, there was 
usually a period of persistent activity which subsided 
gradually. During this active period weight losses oc- 
curred, but these losses were recovered when crawling 
ceased (table 4). Since the larvae were given no food or 
water for deglutition, the weight gains apparently were 
from water absorbed through the integument. The data 
indicate that larvae are capable of storing more water 
when quiescent than when active. Habitat moisture ap- 
parently accounted for the differences in weight between 
October 6 and November 11. 

Feeding Trials.—Many flavida larvae were used in feed- 
ing trials in the laboratory. Different lots of larvae were 

Table 4.—Weight changes of deer fly larvae collected 


from dry soil and held in contact with moist paper toweling 
without food. 
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30. 10.9 
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offered live and cut-up earthworms, snails, leeches, ham- 
burger, liver, crayfish meat, cooked and raw cream of 
wheat, strained liver, and various other strained baby- 
food preparations. Other lots were held in hay infusions 
of various ages, and in dirt from the habitat to which 
were added different percentages of moisture, cow or pig 
dung, or powdered yeast. Measurements on all lots and 
weighings on some yielded no evidence of growth. Larvae 
were also placed among the submerged roots of a sprouted 
sweetpotato, but none were observed to feed on the roots 
or on the sweetpotato itself. However, they readily 
fed on bloodworms in water-filled beakers containing a 
}-inch layer of sand. The larvae that were observed in the 
act of feeding were partially within the bloodworms’ 
dwelling tubes, and their feeding motions were indis- 
tinguishable from those of Tabanus species. 

Submergence Test.—In a submergence test 15 flavida 
larvae of different sizes, together with numerous blood- 
worms, were confined below the water’s surface with a 
plastic screen for 21 days. Although most of the larvae 
were active at first and several fed, when the water be- 
came fetid, which occurred shortly, they would move only 
when disturbed. Except for one full-grown and one small 
larva, all survived for the 21-day period. 

Discussion.—The preferred developmental site for 


flavida larvae appeared to be around the roots of emergent 


herbaceous plants, where tendipedid larvae were present 
in sufficient numbers to provide food. 

Empty pupal cases were found only in dried-up 
habitats after the first of August, which fact suggests 
that the small but rather constant population of flavida 
adults that are present after the initial period of massive 
emergence in the spring or early summer results primarily 
from pupation that occurs in dried-up habitats. Habitat 
moisture and temperatures below the 1}-inch level were 
in ranges favorable for pupation, which suggests that 
some factor associated with the quiescence, probably the 
accumulation of metabolic wastes, retarded pupation at 
the lower depths. 
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Spectral Response of Certain Stored-Product Insects 
to Electromagnetic Radiation! 


Raymonp A. SterMer, Agricultural Marketing Service, U.S.D.A., College Station, Texas 


ABSTRACT 

Laboratory studies were conducted to determine the spectral 
response of seven species of stored-product insects. Nine wave- 
bands of radiation between 280.4 my and 600.0 were used for 
the tests. Four species preferred a waveband which peaked near 
500 my and one a waveband between 334 to 365 my. Another 
species showed no preference but generally migrated to the light 
for all wavelengths between 334 and 546 mu. The seventh species 
showed insufficient reaction to be conclusive. Additional studies 
showed that males were generally attracted in greater numbers 
than females. The reaction of all tested species of insects was 
increased significantly by an increase in intensity. In general, 
no change in waveband preference was indicated as the intensity 


was increased. 


Man has been interested from very early times in the 
fact that insects are attracted to light. In 400 A.D. King 
Sudraka wrote, “The moth hovers round the wick and 
extinguishes the fire,” suggesting his observance of in- 
sects being attracted to light (Frost 1952). Many 
previous investigations have established the fact that in- 
sects have some degree of color perception. Studies con- 
ducted by Bertholf (1931), Gui et al. (1942), Taylor & 
Deay (1950), and Glick et al. (1955) have indicated that 
certain insects are more responsive to the shorter wave- 
lengths of the spectrum. Limited research has shown cer- 
tain stored-product insects were more readily attracted 
to certain wavebands than to others. Studies by Glick 
et al. (1956) showed that 75 to 94% of the pink bollworm 
moths (Pectinophora gossypiella (Saund.)) collected in 
traps containing argon lamps were female. Previous 
studies by Weiss et al. (1942) had also indicated that a 
change in intensity caused a change in spectral response 
of several species of insects. 

Previous research has indicated that the presence of 
insects at low population levels can be detected by the use 
of light traps. There is also a possiblity that insect traps 
using electromagnetic radiation to attract the insects 
can be used as a criterion for determining the degree of 
infestation. The spectral response of most of the stored- 
product insects has not been previously determined. 
Therefore, research was initiated in the laboratories at 
College Station, Texas, to determine the spectral response 
of some of the most injurious stored-product pests, such 
as the Angoumois grain moth (Sitotroga cerealella (Oliv.)) 
and the rice weevil (Sitophilus oryza (L.)). Studies were 
also conducted to determine the spectral response by sex 


and the effects of intensity on spectral response. Once the 
optimum wavelength and intensity have been determined 
proper evaluation of the light trap as a tool for early de- 
tection of insects or for control can be made. 

Proposep Meruop or Testina.—The problem of 
evaluating the stimulative efficiency of various wave- 
bands to insects requires special attention. The problem 
is simple for man, since he sees various wave-lengths as 
different colors and can make known his subjective im- 
pressions by speaking. But with insects and other lower 
forms of life, some physical reflex must be observed in 
order to evaluate the effect of the light. 

Exploratory attempts were made with a variety of 
methods to determine a procedure suitable for testing the 
relative response of insects to different wavelengths of 
radiation. A test chamber measuring 4’ <6’ X14’ witha 
radiation source at each end gave the most reproducible 
results. Therefore, instrumentation was devised for this 
method of testing. Two independent stable sources of 
radiation that could be adjusted for wavelength and in- 
tensity were installed. The necessary photometric in- 
struments were also secured to calibrate and adjust these 
sources to the desired condition for the tests. 

Previous investigations by other researchers indicate 
that the spectral region from 350 to 600 my is attractive 
to many species of insects. The literature also indicates a 
considerable difference in attractiveness of wavebands 
separated by as little as 30 mu (Weiss et al. 1941). It was 
necessary, therefore, to develop suitable techniques for 
producing spectrally pure wavebands less than 20 mp 
wide for any portion of the spectral region from 250 to 
700 mu. In addition, a supply of uniformly controlled 
live insect specimens was required for testing. 

Test Equipment.—Two Bausch and Lomb? grating 
monochromators with wedge interference filters and ap- 
propriate lamps provided a variable wavelength source 
for each end of the test chamber. A calibrated Type 
1P28 multiplier phototube along with associated in- 
strumentation was used to measure the intensity of the 
radiation. One of the principal difficulties experienced 
by previous investigators was that of measuring the in- 
tensity of monochromatic radiation. This problem was 


1 This paper was endorsed and communicated for publication by Norman M. 
Dennis, Stored-Product Insects Section, Agricultural Marketing Service, U. >. 
Department of Agriculture. Accepted for publication March 23, 1959. 

2 Reference to specific instruments or trade names is made for purposes of 
identification and does not imply endorsement by the U.S. Government. 
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given careful attention throughout this research. De- 
tailed descriptions of the instrumentation used and cali- 
bration procedure employed are described in a previous 
paper (Stermer 1958a). 

As mentioned earlier, a test chamber with dimensions 
of 4’ wide by 6’ high by 14’ long was found to be most 
satisfactory. Other test chambers which were used in- 
cluded a 6” X6" X6’ sheet metal tube with a monochro- 
matic light source on one end and a 6” X6" X12’ tube 
with provisions for a light source at each end. These 
chambers were of light-tight construction with the in- 
terior surfaces painted flat black to eliminate reflected 
light. 

Each end of the final test chamber was equipped with 
a 4" <4" X16” fused quartz plate to serve as a window. 
The plate was ground with 120 grit on both sides so that 
it acted as a diffuser to provide more uniform radiation 
over the entire cross-sectional area of the test chamber. 
The arrangement of the instrumentation is shown in 
figure 1. The ends of the test chamber were identical. A 
funnel with provisions for attaching a Mason jar into 
which a smaller funnel projected was mounted directly 
below each window inside the test chamber. These funnels 
trapped most of the insects attracted to the radiation and 
served as a means of evaluating the response. A com- 
mercial type humidifier maintained the humidity at 65% 
inside the test chamber. The entire test equipment, in- 
cluding the chamber, was operated in air-conditioned 
laboratory space held at a constant temperature of 80° F. 

ProcepURE.—All insects used in the study were reared 
under laboratory conditions with all environmental fac- 
tors, such as temperature, rearing media, et cetera, con- 
trolled to eliminate many of the expected variables. 
Detailed descriptions of rearing and handling techniques 
employed were reported by Stermer (1958b). 
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In the small test chambers used in preliminary studies 
it was necessary to transfer the insects from the rearing 
jars to holding jars and then to the test chambers prior 
to testing. This procedure required anesthetizing the 
moths with carbon dioxide gas and other handling, ap- 
parently adversely affecting the insects. The procedure 
followed in the large test chamber eliminated the han- 
dling of the insects prior to testing. This method resulted 
in less variation and higher significance in results. The 
only results reported in the present paper are those con- 
ducted in the large test chamber. 

The test chamber was thoroughly infested with all 
seven species of insects studied. They were as follows: 
(1) the rice weevil, (2) the Angoumois grain moth, (3) the 
almond moth (Ephestia cautella (Wlkr.)), (4) the lesser 
grain borer (Rhyzopertha dominica (F.)), (5) the red flour 
beetle (Tribolium castaneum (Hbst.)), (6) the Indian- 
meal moth (Plodia interpunctella (Hbn.)), and (7) the 
flat grain beetle (Laemophloeus minutus (Olivier)). The 
insects were free to move about in the chamber. Prior to 
a test, each monochromator was adjusted to a particular 
waveband as determined by randomization. Nine wave- 
bands from 280.5 to 600 mu were used to obtain a satis- 
factory response curve. The intensities on both ends were 
adjusted to be equal. For the spectral-response studies, 
day tests were conducted for 3 hours, preceded by a 3- 
hour period of light. Night tests were conducted for 15 
hours, preceded by 3 hours of light. Since the insects 
studied were negatively phototropic, light conditioning 
greatly increased the relative response. The insects 
trapped at each end of the chamber were considered to 
have been attracted by the radiation. Intensities were 
checked again at the end of a test to insure that there had 
been no great change. If the intensity had changed by as 
much as 10%, the test was repeated. Sufficient replica- 
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tions were made to give statistically significant results. 

Two attractive wavebands (334.1 and 500.0 my) and 
one unattractive waveband (404.7 mu) were selected as 
the wavebands to be tested in the sex-response studies. 
Each of the three wavebands was compared with a ref- 
erence waveband of 404.7 mu. The procedure was iden- 
tical with that of the spectral-response study except that 
the duration of each test was reduced to 1} hours. Only 
the three species of moths were used in this study because 
of the difficulty in determining the sex of the beetles. 

Three wavebands, 365.4, 404.7 and 546.1 my, were 
used in the tests conducted to determine the effects of 
intensity of spectral response. These wavebands were 
selected since the speciral-response studies had shown 
that 365.4 and 546.1 were very attractive, while 404.7 
was relatively unattractive. These three particular 
wavebands were also selected since they are mercury 
emission lines and therefore produced higher intensities 
than could be obtained with tungsten sources. Rela- 
tive intensities of 1, 3, 5, 7, 9, and 11 times normal were 
used in these studies. Normal intensity refers to the 
intensity used for the spectral-response studies and was 
equivalent to approximately 9 micro-microwatts of 
radiant energy. Test equipment and procedures used were 
identical with those used in the spectral-response studies 
except that intensity and wavelength were both varied 
in accordance with a table of random values. A night- 
and a day-series of tests was conducted. 

The relative response was determined by actually 
counting and/or sexing the trapped specimens after each 
test. No killing agent was employed in the traps, since 
the health of the insects not trapped would have been 
impaired. The insects were killed by heat in a small 
electric oven. This killing process, along with the use of 
excelsior in the jars on the traps, kept the specimens in 
good condition for identification, sexing, and counting. 

Resutts.—The results of the spectral-response studies 
showed that four of seven species; the almond moth, 
the Angoumois grain moth, the lesser grain borer, and 
the red flour beetle, preferred a waveband which peaked 
near 500my in the green portion of the spectrum. By 
comparison, the peak response of the average human eye 
is at 560 mu. The aforementioned four species selected a 
waveband between 334 and 365 muy as their secondary 


Table 1.—Summary of spectral response studies. 





Mean Response—Per Cent or Insects Reacting 
PositivELy To Testep WAVEBAND 


WAVEBAND Indian- Angoumois Lesser Red 
TESTED Almond meal Grain Rice Grain Flour 
(my) Moth Moth Moth Weevil Borer Beetle 
280.4 9. 8.9 
334.1 56.§ 68.9 
365.4 57. 68. 
404.7 .f 47. 
445.0 56. 54.6 
475.0 ‘ 59. 
500.0 45.8 59. 
546.1 57 60.6 67 
600.0 36.8 24.$ ‘ 38.8 35 
L.S.D. at 5% level® 3.8 4.$ §.1 . 6.2 8. 


36.6 22. 
48.6 42. 
49.9 49. 
45.0 46. 
53.4 56. 
57.0 62.! 
60.0 66. 


; 
—AaAaCH oe OD 
Ct i ee een 





* The value shown is the difference in mean response required for significance 
between two adjoining wavebands when the wavebands are arranged in order 
from most attractive to least attractive. The difference required for significance 
increases progressively as the wavebands are more widely separated in rank ac- 
cording to attractiveness. 
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Fig. 2.—Spectral response of three species of insects and 
the human eye. 


preference. One species, the Indian-meal moth, reversed 
its preference. The ultraviolet region between 334 and 
365 my was most attractive to it, while the waveband 
near 500 my was secondary in attractiveness. The rice 
weevil showed no significant preference for wavebands 
between 334 and 546 my. One species, the flat grain 
beetle, did not react in sufficient number to show signif- 
icance. The only apparent explanation for the small re- 
sponse of the flat grain beetle was that many of the speci- 
mens escaped from the funnel trap, since they were so 
small and because no killing agent could be used in the 
traps. All species tested had a low response to wavebands 
at 600 my and practically no response at 280.4 my. A 
summary of the data is shown in table 1. Each entry is the 
mean response compared with all other wavebands. Four 
replications were made, two conducted during the night 
and two during the day. The data were combined, since 
no significant difference resulted between night and day 
tests, and between tests within night and day. Figure 2 
shows the response curves for three species of insects 
compared with the sensitivity of an average human eye. 

The results of studies conducted to determine the re- 
sponse by sex are shown in table 2. More males than fe- 
males of the almond moth and Angoumois grain moth 
were attracted to all wavebands tested. No significant 
difference existed in the percentage of male and female 
Indian-meal moths reacting to various wavebands or 
between wavebands and the check. 

The reaction of all species of insects was increased 
signiticantly by an increase in intensity. The response of 


Table 2.—Reaction of male vs. female moths to various 
wavebands. 





Mean ResponseE—Per Cent FEMALES 
ReactinG To TesteD WAVEBAND 








Indian-meal Angoumois 


WaAVEBAND TESTED Almond 
Grain Moth 


(mp) Moth 


Check* 56. 55. 54. 
334.1 ° 49. 42. 
404.7 32. 2.¢ 41. 
500.0 d 

L.S.D. at 5% level 





® Check refers to sex population existing in the rearing jars prior to testing. 
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Table 3.—Summary of response to various intensities. 
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ApsusTeD Mean NumBer Reactina PosititvELty to TesteED WAVEBAND 





WAVEBAND 
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65. 104. 
143. 328. 
212. 279. 
249. 465. 
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42.5 13. 
93. 140. 
144. 183. 
102. 166. 
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Eee. 68.6 
168.6 145. 
186. 195. 
153. 215.1 


Jor Oe 


Angoumois 
Grain 


Moth 


Lesser Grain 
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Red Flour 


Beetle Rice Weevil 





76. 63.9 16. 39.2 
173. 125.9 25. 48.7 
163. 85.5 27. 40.2 
239. 100.7 29. 46.2 


13. 38. 18. 26. 
122. 89. 20. 37. 
149. 86. 21. 50. 

103. 37. 33. 


74. 15. 33. 
105. 29. 49. 
87. 30. 49. 
143. 57. 52. 





the Indian-meal moth, almond moth, Angoumois grain 
moth, and lesser grain borer continued to increase over 
the entire range of intensities tested. The response of the 
rice weevil and red flour beetle tended to level out or de- 
crease when the relative intensity was increased above 
three times normal. A summary of the results for the 
night series which included intensities from one through 
seven times normal is shown in table 3. Again the flat 
grain beetle showed insufficient response to determine 
significant results. The results obtained for intensities 
from 1 through 11 times normal during day tests were 
similar but could not be compared on a numbers basis, 
since there was no means of adjusting for numbers in the 
test chamber for a given test. 

Figure 3 shows the response of the Indian-meal moth 
to various intensities, indicating no change in waveband 
preference as the intensity was increased. This negative 
response was true for all insects tested except the almond 
moth the preference of which changed from 546.1 my to 
365.4 my as the intensity was increased. Even though the 
spectral response does not change for most insects, the 
results indicate intensity is of great importance. 

Discussion.—The results of the spectral-response 
studies compare favorably with those of previous in- 














3 
intensity Level 


Fic. 3.—Response of the Indian-meal moth to 
various light intensities. 


vestigators for insects having negative phototropism. 
However, other investigators showed the peak response 
was at 365.4 my, whereas the present research showed the 
peak response was near 500 my for most species. Bertholf 
(1931) showed the maximum response for the honeybee 
to be at 365.4 my with a lesser peak at 553 mu. For low 
intensities, Weiss’ (Weiss et al. 1941, 1942) results showed 
the greatest attraction to a wavelength of 365 with the 
492 mu wavelength secondary. It can be seen that the 
results of Bertholf’s and Weiss’ researches show the same 
wavebands at which peak responses occur as determined 
in this study, except that the order is reversed. Other in- 
vestigators have shown similar results. It is believed that 
previous investigators found the ultraviolet, 365.4 my, 
to be most attractive because mercury are lamps having 
a principal output at 365.4 my were used as a source of 
ultraviolet, while tungsten lamps having a continuous 
spectral output were used for longer wavelengths. 

When Weiss increased the intensity by 30 times, the 
major peak was at 492 my with the 365.4 mu waveband 
becoming secondary. At this intensity, the output from 
the tungsten lamp used as a source of 492 mu probably 
became more nearly equal to the output of the mercury 
arc. Low intensities were used in the studies conducted 
at College Station. Attention is also directed to the fact 
that the intensity studies showed no general change in 
spectral response. It is also believed that the intensity 
measuring devices used by previous investigators did not 
show the true intensity. This apparent fact probably led 
the investigators to believe they had equal intensities 
when the intensity at 365.4 mu was much higher than 
that at longer wavebands. The results reported herein do 
indicate that intensity is of utmost importance. Referring 
to figure 3, the unattractive waveband at 404.7 my be- 
came more attractive than 365.4 my when its intensity 
was increased by as much as three times that of the at- 
tractive waveband. 

The results of the present research show that insects 
are subject to changing their preference, depending on 
the choice offered them. This fact explains why the yellow 
lamp, sometimes called an insect-repellent lamp, does not 
attract many insects under usual conditions. Generally, 
a lamp emitting more attractive wavebands (for instance 
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white light) will be in the vicinity, and therefore the in- 
sect is attracted to lamps other than the yellow. Referring 
to figure 2, it can be seen that the yellow (575 to 600 my) 
is relatively unattractive to insects when compared with 
365 or 500 mu. However, this sensitivity is near the peak 
of that of the human eye and therefore produces fairly 
desirable light for human visibility. If this same yellow 
light were isolated from lamps emitting more attractive 
wavelengths of radiation and presented to the insects 
alone, it would then be more attractive. 

In performing this research it was noted that the rela- 
tive size of the catch was closely correlated with the 
population existing in the test chamber at the time of the 
test. Apparently, therefore, a trap light could be a valu- 
able tool in determining the degree of infestation in a 
grain warehouse. It must be recognized, however, that 
the light can attract only those insects capable of flying, 
so only a partial sampling of the species present may be 
obtained. 

The results from this study indicate that a low-wattage 
lamp having a relatively large output in the 475 to 525 
my wavelength region would be most efficient for trap 
lights. A lamp having an output of 5 to 15 watts should 
be adequate for use in grain warehouses. However, a 
test should be made under actual conditions, since the 
area and distance involved in a warehouse would be con- 
siderably greater than those used in the described tests. 
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A Laboratory Method for Evaluating the Toxicity of Insecticides 
to the Garden Symphylid, Scutigerella immaculata (Newport)! 


J.S. WatrerRHOUSE? 


ABSTRACT 

A laboratory method was developed for evaluating the toxicity 
of insecticides to the garden symphylid, Scutigerella immaculata 
(Newport). This method will reduce the time spent in screening 
insecticides in extensive field plots. With such a technique, only 
the more desirable materials need be taken to the field for further 
analysis. In the laboratory tests, parathion was more toxic to the 
symphylid than aldrin or malathion. These data substantiated 
results obtained from using the same three materials in the field. 


A laboratory method was developed for evaluating the 
toxicity of insecticides to the garden symphylid, Scuti- 
gerella immaculata (Newport). Parathion, malathion, and 
aldrin were selected for the tests because they have been 
thoroughly examined under field conditions for value in 
garden symphylid control in Washington. Howitt & 
Bullock (1955), after screening 18 insecticides, found that 
parathion at 5 lbs. actual per acre, applied in July, gave 


outstanding control in large plots of cauliflower and 
cabnage. A direct comparison of field and laboratory 
results was obtained for the three materials, as well as 
an evaluation of the technique employed in the labora- 
tory. 

Metuops anp Marertats.—All feeding instars and 
both sexes of the symphylid were used to determine if 
there were any differences in susceptibility to the insec- 
ticides. Two months before the toxicity tests, many 
symphylids were kept in stender dishes containing moist 
plaster of paris (Michelbacher 1938, Waterhouse 1956). 
Temperature was maintained at 70° F. and _ relative 
humidity in the cultures at 100%. Each dish was re 
plenished with a fresh lettuce leaf daily. By using the 
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Fig. 1.—Dosage mortality comparisons of aldrin, malathion, and parathion on Scutigerella immaculata, 
each with a 24-hour exposure period. 


stender dishes, the symphylids were readily available for 
the insecticide test. The temperature and humidity at 
which the dishes were maintained were optimum for 
symphylid maintenance. 

The percentage purity for each of the three insec- 
ticides was: parathion 99, malathion 95, and aldrin 93. 
Each insecticide dosage, dissolved in pure acetone, was 
added to a given amount of sand (pH 7.0) and thoroughly 
mixed. The sand was then placed in a fume hood for 15 
minutes and when dry was leveled over the surface of the 
moist plaster of Paris in a stender dish. A few drops of 
distilled water were added to the surface of the sand and 
the dish was replaced in the fume hood for an additional 
minute. The distilled water hardened the surface of the 
sand, enabling the symphylids to be kept in sight 
throughout a test. The moist medium beneath the pre- 
viously dampened sand prevented the latter from drying. 
As a result, no symphylids died because of desiccation. 
The dishes were covered and held at the same constant 
temperature and humidity. At the end of 24-, 48-, and 
72-hour exposures the mortality in each dish was re- 
corded. 

Neutral sand proved to be the most satisfactory test 
substrate. Symphylids immediately introduced to ace- 
tone-treated sand suffered high mortality in control 
dishes. The sand was dried in the fume hood for 15 
minutes before the animals were introduced. Little or no 
mortality occurred within the first 24 hours but deaths 
increased considerably afterward because of desiccation 
and partial burial in the sand. Moistening the surface of 
the sand with a few drops of distilled water eliminated 
these two problems. The addition of water in some way 
“activated” the acetone remaining in the sand and slight 
mortality again occurred in the controls. However, when 


the dish was placed in the fume hood for 1 minute and 
the animals then were introduced to the still moist sand, 
no mortality occurred in any of the controls. The moist 
plaster of Paris medium beneath the sand prevented the 
latter from drying over the 72-hour exposure period. 
Addition of a small amount of distilled water and a 
period of 16 minutes in the fume hood undoubtedly di- 
luted the original insecticide dosage in the sand. Al- 
though the original dosage in each test was altered, it 
may be assumed each replicate was similar in that all 
were treated alike. For each dosage there were four 
replicates and a control, each containing 30 symphylids. 
Resutts.—Figures 1, 2, and 3 graphically illustrate the 
differences in toxicity of the three insecticides to the 
garden symphylid. At the end of 48- and 72-hour ex- 
posures, the curves for malathion and aldrin are almost 
parallel—indicating a similar degree of toxicity. The 


Table 1.—LD50s and LD95s of aldrin, malathion, and 
parathion for the garden symphylid. Pullman, Washington. 
1956. 





MATERIAL 
(% Concen- Exposure 
TRATION) (Hours) (P.p.m.) (LB./A.) (P.p.m.) (Ls./A.) 


LD50 LD50 LD95 LD95 


0.194 
0.130 
0.120 


Parathion 24 0.045 0.090 0.097 
(0.0001) 48 0.033 0.066 0.065 
72 0.028 0.056 0.060 


Malathion 24 15.8 31.6 89. 
(0.01) 48 7.1 14.2 86. 
72 4.4 8. 47. 


Aldrin 24 4 188. 260. 
(0.1) 48 46. 92. 177. 
72 4 54.8 135. 


520.0 
354.6 
271.0 
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Fic. 2.—Dosage mortality comparisons of aldrin, malathion, and parathion on Scutigerella immaculata, 
each with a 48-hour exposure period. 


curves for parathion at all three exposures are consist- 
ently more vertical (less range in dosage) and are widely 
separated from those of malathion and aldrin. These 
data indicate that parathion is more toxic than malathion 
or aldrin to the symphylid. 

The LD50’s and LD95’s for each material are listed 


in table 1 as parts per million and pounds per acre. The 
dosage rate in pounds per acre, computed on the basis of 2 
million pounds of soil to 6-inch plow depth, can be ob- 
tained by multiplying the p.p.m. by 2. The LD95’s for 
parathion give a lower dosage than the one recommended 
for field control (Howitt & Bullock 1955). In the labora- 
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Fig. 3.—Dosage mortality comparisons of aldrin, malathion, and parathion on Scutigerella immaculata, 
each with a 72-hour exposure period. 
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tory test, unlike conditions in the field, the symphylid 
population in each test dish was always in contact with 
the insecticide-treated sand. In the field, only a certain 
percentage of the entire population is in contact with the 
insecticide at a given time. This variable and others oc- 
curring under field conditions account for the variance 
between field and laboratory results. The LD95’s in 
pounds per acre for malathion and aldrin were very high, 
which fact also parallels their observed ineffectiveness 
in field trials (Howitt & Bullock 1955, Waterhouse 1956). 
No apparent differences existed between sexes and in- 
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stars in susceptibility to the three materials tested in the 
laboratory. 
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Natural Control Studies of the Melon Leaf Miner, 
Liriomyza pictella (Thomson)! 


Earu R. OatmMan? 


ABSTRACT 


The results of 2 years’ study of the natural control of the melon 
leaf miner, Liriomyza pictella (Thomson), by parasitism are dis- 
cussed. The melon leaf miner is heavily parasitized in nature. 
Parasitism was low early in the growing season, but increased 
as the melon plants approached senescence, until the population 
level of the parasites exceeded that of the melon leaf miner. A 
close correlation was noted between the population numbers of 
the host and its parasite, except during the middle of the growinr 
season, at which time the population of the melon leaf mineg 
greatly exceeded that of its parasites. Evidently some additional 


limiting factors existed which were acting to reduce in number 
the melon leaf miner as it approached the peak of its popul»tion. 
The use of DDT and parathion depressed the populations of 
both the host and its parasites, but had less residual effect on the 
melon leaf miner, thus permitting it to increase in numbers more 
rapidly than its parasites. At least 19 species of hymenopterous 
parasites were reared from the larval and pupal stages. The two 
most numerous species were Solenotus begini (Ashm.) and 
Halticoptera aenea (Walk.). 





Investigations of the natural control of the melon leaf 
miner, Liriomyza pictella (Thomson), were conducted dur- 
ing the course of studies on the life history and ecology 
of the species (Oatman & Michelbacher 1958, 1959). 

Various species of hymenopterous parasites are known 
to attack related species of Liriomyza in Europe, South 
America, West Indies, and Hawaii. In the United States 
parasites of Liriomyza spp. were reported by Webster & 
Parks (1913), Crawford (1913), Gahan (1917), Tilden 
(1950), and Hills & Taylor (1951, 1953). Hills & Taylor 
(1951) reared 15 species of hymenopterous parasites from 
species of Liriomyza infesting lettuce and cantaloupe in 
Arizona. However, only Michelbacher et al. (1951, 1952, 
1955), discussed the parasitism affecting the leaf miner 
now known as L. pictella. Field observations during 1951, 
1952, and 1953 by these authors indicated that the melon 
leaf miner was heavily parasitized by numerous species 
of hymenopterous parasites, the percentage increasing as 
the growing season progressed. 

Mertnops AND MATertIALs.—A detailed study of the 
numbers and species of parasites was begun by the writer 
in July 1954 and continued through the fall of 1955. 
Random samples of mined melon leaves of all varieties 
were taken from fields in the Patterson and Vernalis area 
of the San Joaquin Valley of California. These were 
examined microscopically in the field to determine 
parasitism at 1- to 2-week intervals throughout the sea- 
son. Random samples of leaves were also collected from 
check plots in two different fields of Cranshaw melons in 
which chemical control investigations were being con- 
ducted. These samples were collected at 1- to 2-week in- 


tervals from July 9 to October 15, taken to the laboratory 
in acetyl acetate bags and placed in parasite-rearing 
containers. The parasites were determined by B. D. 
Burks and C. F. W. Muesebeck of the Insect Identi- 
fication and Parasite Introduction Section, U. S. De- 
partment of Agriculture. The same procedure was fol- 
lowed in 1955 except that the samples were taken from a 
field of Persian melons from July 7 to September 25, and 
later from a field of casaba melons from July 19 to Octo- 
ber 3. The fields during both years were sampled from 
the time the plants were young, 6 to 8 inches high, until 
senescence. Mined leaves of other varieties of melons 
from different fields throughout the area were sampled at 
various times and handled as previously described. 
Resutts AND Discussion.—The results (figs. 1 and 
2) show that parasitism increased as the crops matured. 
A correlation of parasitism with the numbers of the melon 
leaf miner seemed apparent. Generally the population 
level of the parasites during the early stages of plant 
growth was below but commensurate with that of the 
melon leaf miner, then it lagged behind for a period, and 
finally surpassed that of the melon leaf miner in total 
numbers as the melon plants decreased in vigor. The 
population level of the parasites was low in comparison 
with that of the melon leaf miner during the early stages 
of growth in the Cranshaw melon field “B.” As the plants 


1 Portion of a dissertation submitted to the Graduate Division of the Uni- 
versity of California, Berkeley, in partial satisfaction of the requirements for 
the degree of Doctor of Philosophy. Accepted for publication March 25, 1959. 
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Fig. 1.—Population trend of Liriomyza pictella (Thomson) and its hymenopterous parasites in two 
Cranshaw melon fields during 1954. 


approached senescence the population level of the para- 
sites steadily increased until it surpassed that of the 
host. The population then fluctuated at a level with, but 
higher than that of the melon leaf miner. 

The melons of the Persian variety sampled in 1955 were 


planted 2 to 3 weeks earlier than the casabas. Thus when 
the Persian melon field received an early treatment of 
DDT or parathion for insect control, some of the side 
effects were expressed in the depressed population levels 
of both the parasites and the melon leaf miners on the 
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nearby young casaba melon plants. The data reveal that, 
after such a treatment during late July, the parasites were 
reduced to zero and the leaf miner to only 2 per 20-leaf 
samples. Within the next 2 weeks the leaf miner popula- 
tion increased rapidly whereas the parasites increased 
very slowly. Hills & Taylor (1951, 1953) also noted that 
when DDT was applied to cantaloupe fields in Arizona 
the material was ineffective against Liriomyza but killed 
its parasites, allowing an increase of the leaf miner popu- 
lation. This phenomena has been reported by several 
workers for related species of Liriomyza from various 
sections of the United States. 

Parathion dusts were applied by the grower to the 
casabas approximately August 17 and September 7. This 
resulted in a reduced population of both L. pictella and 
its parasites. Such treatments during the height of the 
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Population trend of Liriomyza pictella (Thomson) and its hymenopterous parasites on 
Persian and casaba melon plants during 1955. 

























growing season apparently gave impetus to the succee |- 
ing generation of both populations. However, near the 
end of the growing season, the melon leaf miner and its 
parasites were slower to recover from the insecticidal 
treatment and never did reach their previous numbers. 
The parasites, which always seemed to recover more 
slowly, finally exceeded the populations of the melon leaf 
miner toward the end of the season. 

The population data obtained from the Cranshaw 
melon fields for both the melon leaf miner and its para- 
sites during 1954 showed more clearly the population 
growth during the season than that obtained from the 
Persian and casaba melon fields during 1955. The latter 
studies, however, provided a better basis for understand- 
ing the effect of commercial insecticide treatments upon 
the populations. 
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The results of these studies show that the melon leaf 
miner is heavily parasitized in nature and that the wide- 
spread use of chlorinated hydrocarbons for the control 
of melon insect pests, has interfered with natural con- 
trol by hymenopterous parasites. Parasitism is inten- 
sified and becomes more important toward the end of the 
season. It seems apparent that other factors are present, 
acting to help bring about natural reduction of the 
population. 

A total of at least 19 species of hymenopterous para- 
sites from 6 families was reared from the larval and pupal 
stages of Liriomyza pictella during 1954 and 1955. Most 
of the species were in the family Eulophidae. The two 
most numerous species were Solenotus begini (Ashm.) 
(Eulophidae) and Halticoptera aenea (Walk.) (Ptero- 
malidae). The latter species emerges from the pupal 
stage, whereas the former emerges from the larval stage. 
These parasites were recorded by Hills & Taylor (1951) 
as two of the three most important species parasitizing 
Liriomyza sp. on cantaloupe and lettuce in Arizona. 

The following parasites were reared from L. pictella 
during 1954 and 1955: 

PTrEROMALIDAE: 

Halticoptera aenea (Walk. 
EULOPHIDAE: 

Solenotus begini (Ashm.) 

Solenotus pulchripes (Cwfd. 

Solenotus websteri (Cwfd.) 

Derostenus arizonensis Cwld. 

Derostenus variipes Cwfd. 

Diaulino psis callichroma Cwtd, 

Chrysocharis ainsliet Cwfd. 

Chrysocharis parksi Cwfd. 

Chrysocharis spp. (3 lots identified to sp. only) 

Zagrammosoma mirum Grit. 

Zagrammosoma spp. (2 lots identified to sp. only) 

Closterocerus trifasciatus Westwood 

Astichus sp. 

BRACONIDAE: 
Opius suturalis Gahan 
Opius spp. (3 lots identified to sp. only 
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ENCYRTIDAE: 
Mirini 
MyYMARIDAE: 
Polynema sp. 
SCELIONIDAE: 
Telenomus spp. (2 lots identified to sp. only) 
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Parasites Associated with Seed Chalcids Infesting Alfalfa, Red Clover, 
and Birdsfoot Trefoil Seed in New York! 


H. H. Neunzic? and Grorce G. Gyrisco 
Cornell University, Ithaca, New York 


ABSTRACT 


A series of surveys conducted in New York over a 4-year 
period has established that the following parasites occur in 
association with seed chalcids infesting alfalfa (Medicago sativa 
L.), red clover (Trifolium pratense L.), and birdsfoot trefoil 
(Lotus corniculatus L.) seed in the State: Tetrastichus brucho phagi 
Gah., Eupelmus allynii (Fr.), Eupelmella vesicularis (Ratz.), 
Liodontomerus longfellowi (Gir.), Liodontomerus per plexus Gah., 
Amblymerus bruchophagi Gah., and Habrocytus medicaginis Gah. 


The name clover seed chaleid (Bruchophagus gibbus 
(Boh.)) is commonly applied to eurytomids which feed 
upon the seeds of alfalfa (Medicago sativa L.), red clover 
(Trifolium pratense L.), and birdsfoot trefoil (Lotus 


Two of these species, 7’. bruchophagi, and H. medicaginis, were 
reared from seed chalcid infested seed of all three plant species. 
A, bruchophagi and E. vesicularis were reared from both alfalfa 
and birdsfoot trefoil seed. L. longfellowi, L. perplerus, and E. al- 
lynii were found to restrict their activities to seed chalcid in- 
fested seeds of a single plant host, being reared solely from seeds 
of red clover, alfalfa, and birdsfoot trefoil, respectively. 


corniculatus L.). However, evidence would indicate that 
three distinct species of seed chalcids are involved, each 


1 Accepted for publication March 25, 1959. 
? Present address: North Carolina State College, Raleigh, North Carolina. 
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one restricted to a single genus of plants. In Russia, on 
the basis of biological and morphological studies, the 
seed chaleids associated with alfalfa, red clover, and birds- 
foot trefoil have been designated as B. roddi Guss., B. 
gibbus (Boh.), and B. kolobovae Fed., respectively (Kolo- 
bova 1950, Nikolskaja 1952, Fedoseeva 1954, 1956). Here 
in the United States, this classification has not as yet 
been adopted. However, there appears to be justification 
for the division, in that Hansen (1955), and Neunzig & 
Gyrisco (1958) have demonstrated that seed chalcid 
populations associated with alfalfa, red clover, and birds- 
foot trefoil in this country are also each restricted to 
species of Medicago, Trifolium, and Lotus, respectively. 

Numerous chaleidoid parasites are associated with 
each of the three populations of seed chalcids. Some in- 
formation pertaining to these forms has been accumu- 
lated in the past mostly incidental to studies on the 
seasonal history of the hosts. The most noteworthy con- 
tributions have been supplied through the efforts of 
Urbahns (1916, 1917, 1919, 1920). A summary of the 
findings of Urbahns together with data gathered by other 
workers in the United States has recently been brought 
together by Hansen (1955) and Butler & Hansen (1958). 
Nikolskaja (1932, 1934b) has also published several 
papers concerned with this group of insects in Russia; 
much of this information has been included in a recent 
work (Nikolskaja 1952) concerned with the chaledioid 
fauna of the U.S.S.R. 

Several of the aforementioned authors have noted that 
some parasites are apparently only associated with seed 
chaleids within the seed of a particular host plant, or with 
two closely related host plants. For example, Liodonto- 
merus longfellowi (Gir.) has been reported as being reared 
only from seed chalcid-infested red clover seeds, and 
Liodontomerus perplecus Gah. is reported solely from 
seed chaleid infested-alfalfa and bur clover (Medicago 
hispida Gaertn.) seed. 

The present paper is concerned with investigations 
conducted in New York, which were designed to deter- 
mine which parasites of the seed chalcids occur there, 
thus supplementing data regarding the known distribu- 
tion of these forms in the United States, and, in addition, 
to establish more conclusively whether certain of these 
parasites are host specific. 

MATERIALS AND Metuops.—Samples of the seed of 
alfalfa, red clover, and birdsfoot trefoil were collected in 
New York at numerous locations in the south, central, 
and northern regions of the State over a 4-year period. 
Each sample consisted of 100 to 200 seed heads constitut- 
ing several thousand seeds. The samples were placed in 
separate containers and the parasitic species were reared 
from the material and identified. The majority of the 
samples were collected from roadside and fallow areas, 
with a smaller number being gathered from commercial 
plantings. In addition to obtaining the seed of the three 
plant species from various locations where more or less 
pure stands of these plants occurred, collections were 
made during the last year of the investigations at six 
areas where established mixed stands of all three plant 
species existed; it was expected that collections from the 
latter locations would reveal more conclusively the 
parasite-host relationships. 

Resutts AnD Discussion.—Data pertaining to the 
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parasites obtained from seed collected at the six locations 
of mixed stands, and summarized data representing all 
samples obtained during the study, are presented in 
tables 1 and 2, respectively. 

Two species of parasites were found to be associated 
with seed chalcids within the seed of all three species of 
plants. These were Tetrastichus bruchophagi Gah., and 
Habrocytus medicaginis Gah. The lack of preference found 
to be exhibited by these insects is in agreement with the 
results of investigations by Hansen (1955). In addition, 
if the reports of earlier workers, such as Folsom (1909), 
Sorenson (1934), Urbahns (1917, 1920), Crevecoeur 
(1946), and Nikolskaja (1932, 1934a, 1934b), are analyzed 
as a group they also, for the most part, substantiate the 
lack of host selectivity of T. bruchophagi and H. medica- 
ginis. One exception, concerning the catholic habits of 
H. medicaginis appears in the literature; Urbahns (1920) 
states, “From all observations, Habrocytus medicaginis 
attacks the chalcis-fly only when the latter infests the 
seeds of alfalfa. ... This parasite has never been found 
upon the same host within red clover seeds.’’ However, 
a review of Urbahns’ work reveals a greater emphasis on 
the study of populations of seed chalcids associated with 
alfalfa, and this fact therefore suggests that the apparent 
restriction of the parasite noted by Urbahns was possibly 
because of insufficient sampling of red clover plantings. 

T. bruchophagi, in New York, appears to be the most 
numerous parasite of seed chalcids occurring in red clover 
and birdsfoot trefoil seed. It occurs only sporadically in 
association with seed chalcids within alfalfa seed. H. 
medicaginis, on the other hand, is the dominant parasite of 
seed chalcids within alfalfa seed, and is of lesser impor- 
tance in reducing populations of seed chalcids associated 
with red clover or birdsfoot trefoil in the State. 

Amblymerus bruchophagi Gah. was collected from both 
seed chalcid infested alfalfa and birdsfoot trefoil seed. 
This species was not found parasitizing seed chaleids in 
red clover. 

The finding of A. bruchophagi in New York is believed 
to be the first record of the occurrence of this insect in 
eastern North America; also, this is the first record of its 
occurrence in association with seed chalcids within birds- 
foot trefoil seed. Previous reports by Urbahns (1920), 
Sorenson (1934), Nikolskaja (1932, 1934a, 1934b and 
1952), and Hansen (1955) have limited the host of this 
species to seed chalcids within alfalfa seed. 

A. bruchophagi was found to be the second most 
abundant parasite within seed chalcid infested alfalfa 
seed and the third most abundant parasite within infested 
birdsfoot trefoil seed. 

Two species of Liodontomerus were reared from a num- 
ber of the samples collected; L. longfellowi from seed 
chalcid infested seeds of red clover, and L. perplerus from 
seed chalcid infested seeds of alfalfa. In the area of mixed 
stands of alfalfa, red clover, and birdsfoot trefoil, where 
seed chalcid larvae were present within the seeds of all 
three plant species, these two torymids exhibited conclu- 
sively a restricted host association. It is possible, at least 
with L. longfellowi, that the restriction to a particular host 
may be a result of the synchronization of early seasonal 


3 The authors wish to thank B. D. Burks, Entomology Research Division, 
Agricultural Research Service, United States Department of Agriculture, for 
identifying the parasitic species reported upon in this study. 
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Table 1.—Parasitic chalcidoids reared from samples* of seed chalcid infested seed of alfalfa, red clover, and birdsfvoot 


trefoil collected from established mixed stands of the three plants at six locations in New York. 








Parasitic CHALcIDoIDS REARED FROM SAMPLES 





Date SAMPLE Seep CHALcip az E 


Liodontomerus 


H 








COLLECTED Host bruchophagi —allynii vesicularis longfellowi perplerus — bruchophagi medicaginis 

Binghamton, Broome Co. 

8-7 alfalfa 0 0 0 0 2 18 45 

7-19 red clover 6 0 0 0 0 0 0 

8-7 birdsfoot trefoil 0 l 15 0 0 0 65 

Minetto, Oswego Co. 

8-17 alfalfa 0 0 0 0 0 0 0 

8-2 red clover l 0 0 0 0 0 0 

8-8 birdsfoot trefoil 56 0 0 0 0 0 10 

Montour Falls, Schuyler Co. 

8-7 alfalfa 2 0 6 0 } 4S 39 

7-16 red clover l 0 0 2 0 0 0 

7-20 birdsfoot trefoil 10 17 1 0 0 88 58 
Schoharie, Schoharie Co. 

7-26 alfalfa 2 0 0 0 0 0 ( 

7-26 red clover l 0 0 2 0 0 0 

7-26 birdsfoot trefoil 173 0 0 0 0 0 8 

Westport, Essex Co. 

8-22 alfalfa 0 0 0 0 0 0 r 

8-10 red clover 1 0 0 0 0 0 0 

$-22 birdsfoot trefoil l 0 0 0 0 t ) 
W.. Jurius, Ontario Co. 

7-27 alfalfa 0 0 4 0 9 7 0 

7-20 red clover 3 0 0 0 0 0 0 

7-20 birdsfoot trefoil 3 0 21 0 0 28 2] 





* 200 seed heads, constituting several thousand seeds, of each plant species collected at each location. 


activity of the parasite with host availability rather than 
a matter of host preference. Red clover fruits somewhat 
earlier than either alfalfa or birdsfoot trefoil, and seed 
chaleid infested red clover seed is prevalent at an early 
date. This earlier maturity of red clover is reflected in the 
data presented in table 1, indicating the sample collection 
date. 

As mentioned previously, data in agreement with these 
findings concerning L. longfellowi and L. perplerus can be 
found in the literature. The former species has previously 
been reported solely from seed chalcid infested red clover 
seed by Urbahns (1920), Hansen (1955), and Butler & 


Hansen (1958) in the United States, and by Nikolskaja 
(1934a, 1952) in Russia. The latter species has been re- 
ported upon by these same workers, and with the excep- 
tion of one record, all specimens of this insect have been 
obtained from seed chalcid infested alfalfa or bur clover. 
Hansen in 1955 reported that he reared six individuals 
of L. perplexus from a sample of red clover seed collected 
in California. However, this same author (Butler & Han- 
sen 1958) states ““This species (L. perplerus) is only asso- 
ciated with the clover seed chalcid on alfalfa.”’ It there- 
fore appears that the earlier statement made by Hansen 
is possibly in error. 


Table 2.—The average and maximum percentages of occurrence of parasitic chalcidoids in association with seed chalcids 
within the seeds of alfalfa, red clover and birdsfoot trefoil compiled from the examination of 139" samples collected in pure 





and mixed stands of the plants in 20 counties in New York over a 4-year period. 


PERCENTAGE OF OCCURRENCE IN SEED Cua.cip INFESTED SEED 


Liodontomerus 


Seep CHALcip ; i. E. —_——— ~ A. Hi. 
Host brucho phayi allynii vesicularis _—_ longfellowi perplecus bruchophagi _—_ medicaginis 

Average 2.9 0.0 1.5 0.6 3.0 5.0 15.6 

Alfalfa Maximum 6.5 0.0 3.6 0.0 8.0 9.4 30.0 
Average $1.2 0.0 0.0 27.9 0.0 0.0 6.1 

Red clover Maximum 81.4 0.0 0.0 51.9 0.0 0.0 10.5 
Average 12.8 0.9 0.8 0.0 0.0 4.5 5.6 

Birdsfoot trefoil Maximum 45.9 2.6 2.3 0.0 0.0 18.2 18.0 








® 25 samples of alfalfa, 53 samples of red clover, and 61 samples of birdsfoot trefoil. 
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In regard to the abundance of L. longfellowi and L. 
perplexus in New York, L. longfellowi was the second most 
abundant parasite reared from samples of red clover, and 
L. perplecus emerged from, on the average, 3% of the 
alfalfa seeds infested with seed chaleids. 

Two species of the family Eupelmidae, Ewupelmella 
vesicularis (Retz.), and Eupelmus allynii (Fr.), were 
reared in relatively small numbers from the seed samples 

E. vesicularis from infested alfalfa and birdsfoot trefoil 
seed, and £. allynii from infested birdsfoot trefoil seed. 
The occurrence of FE. vesicularis in association with the 
seed chalcid in birdsfoot trefoil seed has not previously 
been reported; Sorenson (1934) has reported this parasite 
only from samples of seed chalcid infested alfalfa seed. EF. 
allynii has previously not been reported as being associ- 
ated with seed chaleid infested seed. Both FE. vesicularis 
and /. allynii were always collected from seed samples 
yielding numerous other parasites. These circumstances 
and the general knowledge that many eupelmids have the 
habit of developing as hyperparasites (Clausen 1940), 


suggest that, at least in some instances, these forms may 
be parasitizing chalcidoids other than seed chaleids within 


the legume seeds. 

Asummary of the known host relationships of the para- 
sites associated with seed chalcids infesting alfalfa, red 
clover, and birdsfoot trefoil seed based on the above 
findings in New York, together with information com- 
piled from the literature, is presented in table 3 
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Table 3.—A summary of the known host relationships of 
parasitic chalcidoids reared from seed chalcid infested seed 
of alfalfa, red clover, and birdsfoot trefoil compiled from the 
literature* and ome. the sot of the present study. 


Ses RCE OF CHALCIDOIDS AS DESIGNATED BY AUTHOR- 
ity Reportinc Revationsare (H.—Hansen; Ni.- 
NIKOLSKAJA; N. & G.—Neunzie & Grnisco) 








Infested Seed 
Birdsfoot 
Red C lov er Tre foil 
H., N. & G. H., N. & G. 
N. & G. 


Alfalfa 
H., Ni., N. & G. 


CHALCIDOIDS 
Tetrastic hus lvushephegi 
Eupelmus allynti 
Eupelmus atropupureus Ni.> 
Eupelmus microzonus Ni? 

Eupelmella vesicularis N. & G. Ni? N. & G. 
Liodontomerus insuetus ; Ni. H. 
Liodontomerus longfellowt H., Ni., N. & G. 
Liodontomerus per plexus - 
Amblymerus bruchophagi 
Habrocytus medicaginis 
Trimeromicrus maculatus 


H., N. & G. 





® Includes Hansen (1955), and Nikolskaja (1952). 

b Nikolskaja in 1932 and 1934 publications included these species in associ- 
ation with seed chalcids in alfalfa seed. 

© Hansen in 1955 stated that he reared L. perplexus from seed chalcid infested 
red clover seed. However, in a recent paper (Butler & Hansen 1958) the follow- 
ing statement is made: “This species (L. perplerus) is only associated with the 
clover seed chalcid on alfalfa.” 
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Experimental Prevention of Bark Beetle Transmission of Ceratocystis ulini 
(Buis.) Moreau with the Systemic Insecticide Chipman R-6199! 


A, F. Au-Azawi and Date M. Norris, Jr., Department of Entomology, University of Wisconsin, Madison 


ABSTRACT 


Trunk-implantation treatment of American elm trees with any 
of three dosages of the systemic insecticide Chipman R-6199 
(0,0-diethy] S-(2-diethylamino)-ethyl phosphorothioate [hydro- 
gen oxalate salt]) was effective in preventing bark beetle trans- 
mission of Ceratocystis ulmi (Buis.) Moreau. Successful bark 
beetle transmission of the fungus in control trees occurred only 
from beetle cagings during the interval from May 20 through 
June 10. During this period, 30% of the control trees became in- 
fected with the fungus and showed symptoms of the disease. The 


mean length of beetle-feeding niches was always 1.5 mm. or less 
in treated trees, and 3.3 mm. or greater in control trees. In every 
diseased tree, the minimum-length niche that penetrated at least 
to the cambium was 3 mm. long. On the basis of this limited 
knowledge of niche-length requirements, a 96.3% reduction in 
the number of infectible niches resulted from insecticidal treat- 
ment. The insecticide, at 20 grams per tree, was effective in reduc- 
ing the length of feeding niches for the entire 80-day study period 
following treatment. 





Dutch elm disease, caused by Ceratocystis ulmi (Buis.) 
Moreau, has been the most serious shade-tree disease in 
the United States since 1930, when the causal fungus was 
first discovered in this Country. The present control of 
this plant pathogen is attempted through (1) sanitation, 
which involves destruction of all known elm wood in- 
fected with the fungus or infested with the insect vectors; 
and (2) insecticidal spraying of elms and elm wood to 
control the common fungus vectors, Scolytus multistriatus 
(Marsh.) and Hylurgopinus rufipes (Eich.). Intensive 
practice of both control methods is necessary if the dis- 
ease is to be controlled. 

Insecticidal control methods, utilizing DDT as a dor- 
mant or foliar spray, were first developed by Whitten & 
Parker (1945). These control methods have been effective 
in supplementing sanitation measures where the disease 
occurs. However, such controls have limitations and dis- 
advantages that make them undesirable. The thorough 
coverage of the tree bark is frequently not accomplished 
because of unfavorable spraying conditions and careless 
sprayer operation. The spray must be applied while the 
trees are dormant if adequate coverage is to be obtained. 
For the protection of associated wildlife and plants, the 
approved spray period in some areas is further limited. 
In addition, tree owners voice objection to messy spray 
residues on objects under or adjacent to sprayed trees. Be- 
cause of these related problems, the possible use of sys- 
temic insecticides applied to the soil and tree bark or im- 
planted in the tree trunk has been investigated. Systemic 
types of insecticidal treatments could lessen many of the 
present causes for objections to efforts to control elm 
bark beetles and could possibly yield more effective con- 
trol. 

Previous work with systemics in controlling tree insects 
has been noted by Al-Azawi et al. (1958). These workers 
also reported preliminary studies on the effectiveness of 
several systemic insecticides in the control of S. multi- 
striatus. 

During 1958, the effectiveness of several systemic in- 
secticides in preventing the bark beetle transmission of 
C. ulmi was studied under field conditions. The methods, 
results, and discussion of findings with the systemic Chip- 
man R-6199 (0,0-diethyl S-(2-diethylamino)-ethyl phos- 
phorothioate [hydrogen oxalate salt]), are presented in 
this paper. 


Meruops.—During 1958, studies were conducted on 
American elm trees, Ulmus americana Linnaeus, located 
in forest conditions in Milwaukee County, Wisconsin, 
Trees of uniform size, 2-inch D.B.H. and 20 feet tall, 
were used. The trees were located in an area where the 
disease was not prevalent so experimental conditions were 
uniform throughout the area. Trees, numbering 220, 
randomly divided into 2 equal blocks, were involved in 
the experiments. One block of 110 was further divided 
into 2 equal groups, 55 being treated with the Chipman 
R-6199, and the other 55 left as a control on insecticidal 
treatment. The other block of 110 was left as controls on 
natural spread of the fungus. 

In the insecticide-treated trees, one of three dosages of 
the technical grade insecticide, 10, 20, or 30 grams per 
tree, was applied; one-fourth of the total dosage was 
placed in each of four holes using a 50% aqueous solution 
of the insecticide in a pipette. The number of treated trees 
and treatment date with each respective dosage were as 
follows: 10 grams, 10 trees, May 2; 20 grams, 20 trees, 
May 13; and 30 grams, 25 trees, May 12. Four }-ineh 
holes, bored at right angles to each other around the base 
of the trunk approximately 6 inches from soil level, served 
as implantation sites. The exact height of holes was stag- 
gered slightly to minimize any injurious effect of the bor- 
ings upon the tree. The holes were slanted downward ata 
45° angle to the main axis of the tree and were plugged 
with corks after application of the insecticide. 

Beginning May 20, and continuing at approximately 
weekly intervals through August 1, 10 newly emerged 8. 
multistriatus beetles, that had been placed on laboratory 
cultures of C. ulmi for 24 hours, were enclosed in a sleeve- 
type cage on one random terminal branch of each: test 
tree. The cages enclosed approximately a 3-foot section 
of the branch. Five insecticide-treated trees and _ five 
control trees were exposed to fungus-bearing beetles on 
each caging date. All five caged insecticide-treated trees 
for a given date received the same dosage of insecticide. 
The beetles were left on the tree for 1 week after which 
beetle mortality and feeding data were taken from the en- 


1 Accepted for publication March 26, 1959. Approved for publication by the 
Director of the Wisconsin Agricultural Experiment Station. These data were 
presented in part at the Sixth Annual Meeting of the Entomological Society 
of America in Salt Lake City, Utah, December 1958. 
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Table 1—Number of American elm trees per 5-tree plot infected with Ceratocystis ulmi by allowing 10 Scolytus multi- 
striatus beetles bearing the fungus to feed on each individual tree for 1 week. 
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went 5/20 5/29 6/4 6/10 6/16 


6/21 


6/27 7/11 7/18 
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R-6199% 0 0 0 0 0 
Control 2 2 1 1 0 


7/25 
0 0 0 0 0 
0 0 0 0 0 
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8 Tree dosage in plots of June 4 and 27 was 10 grams; in plots of June 10 and 
and July 11 and 18, 30 grams. 


closed section of each test branch. The number and length 
of feeding niches were recorded. 

Subsequently, each tree was observed weekly for symp- 
toms of the Dutch elm disease. As soon as any question- 
able symptoms were detected in test trees, twig samples 
were taken from the affected portion of the tree, and lab- 
oratory cultures of the elm tissue were made on a sterile 
medium composed of ground elm tissue, potato extract, 
2% dextrose, and agar. Only trees yielding positive cul- 
tures of C. ulmi were considered infected with the dis- 
ease. 

Resutts AND Discussion.—Treatment of the experi- 
mental trees with 10, 20, and 30 grams of Chipman 
R-6199 was effective in preventing bark beetle transmis- 
sion of C. ulmi (table 1). Successful transmission of the 
fungus in control trees occurred only in the first four 
weekly cagings on May 20 and 29, and June 4 and 10 
(table 1). Six of the 20 control trees caged during this 
period died of the disease. Successful transmission took 
place at the same time as vigorous spring growth in elms. 

The mean number, mean number to the cambium, and 
mean length of beetle-feeding niches per tree for the vari- 
ous caging dates are presented in table 2. The mean values 
are based on 5 trees and 10 beetles per tree per caging 
date. In considering the data in table 2, the most signifi- 
cant difference between treated and untreated control 
trees is in the length of the feeding niches. To the present 
time our research has indicated that niches 3 mm. long or 
longer are generally required for successful transmission 
of the fungus and infection of,the tree through terminal 
twigs. The number of feeding niches is apparently not 
important as long as the length is less than 3 mm. This 
apparent niche-length requirement is further supported 
by the length of feeding niches that occurred in caged 
branches of the trees that died of the disease in this study. 
In every diseased tree, the minimum-length niche that 


Table 2.—Feeding data for 10 Scolytus multistriatus beetles caged on each tree of 5-tree plots for a 1-week period. 


16, July 25, and August 1, 20 grams; and in plots of May 20 and 29, June 21 
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Fic. 1.—Number of beetle-feeding niches in 55 R-6199 treated 
and 55 control trees, graphed according to their length. 


penetrated at least to the cambium was 3 mm. 

In table 2, the mean length of niches per tree for each 
caging date was 1.5 mm. or less in treated trees and 3.3 
mm. or greater in control trees. However, 9 of 127 niches 
in treated trees were 3 mm. long (figure 1). Though these 
nine niches could probably have served as suitable inocu- 
lation sites, no disease occurred. In figure 1, the niches oc- 
curring in 55 insecticide-treated and 55 control trees are 
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Table 3.—Residual effectiveness of Chipman R-6199 in 
controlling twig feeding by Scolytus multistriatus. 





Days FROM Mean No. Mean LENGTH 
TREATMENT NICHES TO or Nicnes/ 
To Caaina CampruM/Tree* TREE (Mo.) 


DOSAGE OF 
R-6199 per 
Tree (Grams) 


10 33 
10 56 
20 28 
20 34 
20 73 
20 8O 
30 8 
30 17 
30 40 
30 60 
30 67 
Control - 





* Based on 5 trees and 10 beetles per tree. 
© Based on 55 trees and 10 beetles per tree. 


graphed according to their length. The occurrence of only 
127 niches in treated trees versus 269 in control trees 
represents a 52.7% reduction in the number of niches ow- 
ing to insecticidal treatment. Furthermore, only 7.19% of 
the niches in insecticide-treated trees, as compared with 
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90.0% of the niches in control trees, were apparently long 
enough to serve as inoculation sites for the fungus. Thus, 
96.3% reduction resulted in suitable niches. 

At 20 grams per tree, R-6199 was effective in reducing 
the number and length of beetle-feeding niches through- 
out the experimental period of 80 days. Tree dosages of 
10 and 30 grams were respectively effective in assays 56 
and 67 days after treatment. The full length of residual 
effectiveness of these treatments was not determined. 
However, in other beetle assays of trees 1 year after treat- 
ment with R-6199, effective control of beetle feeding has 
been obtained. The data in table 3 indicate that treatment 
of trees with R-6199 in May will provide protection 
against beetle transmission of the fungus throughout the 
important period of fungus transmission in spring and 
-arly summer. 
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Biology of Philaenus ieucophthalmus (L.), in Massachusetts’ 


Ropert LavigNe?® 


ABSTRACT 


Knowledge concerning the biology of the meadow spittlebug, 
Philaenus leucophthalmus (L.), is expanded to cover Massa- 
chusetts conditions. Surveys showed that this pest is present 
throughout the State; seven of the eight North American varie- 
ties are recorded according to their abundance. Seventeen pre- 
viously unreported host plants are listed. Prediction of egg 
hatching apparently is feasible; hatching began when the number 
of accumulated day degrees above a base of 50° F. dated from 
April 1 reached 75+3 degrees. Data are included which validate 
Weaver & Whitney’s sampling technique utilizing the percentage 
of infested stems as an index to the abundance of nymphs. 


Comparatively little is known about the meadow 
spittlebug, Philaenus leucophthalmus (L.), as a pest of 
forage crops in Massachusetts. C. H. Fernald (1891) pre- 
sented a brief outline of the seasonal history of this insect 
within the State. Preliminary biological observations were 
reported by Shaw et al. (1953) in a report on forage crop 
insects for 1952. The work summarized in the present 
paper was undertaken to provide more information on 
this pest under Massachusetts conditions. 

Metuops.—Weekly surveys were conducted in six 
fields over a 2-year period, with the exception of Decem- 
ber through March. Three of the fields were practically 
pure stands of alfalfa, one was a mixture of alfalfa and 
grass, one a stand of red clover, and the last a mixed 
clover stand. Fifty sweeps with a 12” collecting net were 
taken in each field at each sampling. Rearing studies and 
observations on the mating habits of the adults were car- 
ried out in the laboratory. 


Resutts.—Statewide surveys have shown the meadow 
spittlebug to be present throughout Massachusetts. Seven 
of the eight North American varieties listed by Doering 
(1930) occur here; only the variety lateralis has not been 
collected thus far. Varietal distribution occurs as follows: 
pallidus, 34.8%; spumarius, 56.4%; fabricii, 3.1%; leu- 
cophthalmus, 1.2%; marginellus, 2.5%; leucocephalus, 
0.5%, and fasciatus, 1.5%. 

Host Plants.-Note was taken of 17 previously unre- 
ported host plants of the nymph of P. leucophthalmus. 
The common names are taken from Gray’s Manual of 
Botany, 8th Edition and are here listed: 

Botanical Name 
Ambrosia trifidia L. 
Aster cordifolium L. 
Aster ericoides L. 
Bromus secalinus L. 
Cirsium vulgare (Savi) Tenore. 
Galium asprellus Michx. 
Lactuca scariola L. 
Oxalis stricta L. 
Physalis sp. 

Potentilla norvegica L. 


Common Name 
great ragweed 
heart shaped aster 
white heath aster 
chest or chess grass 
bull or common thistle 
rough bedstraw 
prickly lettuce, compass plant 
sheep sorrel 
Chinese lantern 
rough cinquefoil 


! Contribution No. 1191 of the Massachusetts Agricultural Experiment Sta- 
tion and Entomological! Contribution No. 1325 from the Department of Ento- 
mology and Plant Pathology of the University of Massachusetts. This paper 
is a summary of a dissertation submitted to the Faculty of the Graduate School 
of the University of Massachusetts in partial fulfillment of the requirements for 
the degree of Master of Science. Accepted for publication March 27, 1959. 

2 Assistant Professor, Division of Plant Science, University of Wyoming, 
Laramie. 

3 [ gratefully acknowledge the direction and criticism given me by Dr. F. R. 
Shaw, Dr. W. G. Colby, and Dr. W. M. Banfield, in pursuing this study. Thanks 
are also due to Dr. C. R. Weaver, Ohio Agricultural Experiment Station, who 
read and criticized this paper and to Dr, R. Livingston for identifications of 
plants, 
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common cinquefoil 

staghorn sumac 

yellow daisy, black-eyed susan 
bouncing bet 

goldenrod 

hardhack, steeple-bush 
slippery elm 


Potentilla recta L. 
Rhus typhina L. 
Rudbeckia hirta L. 
Saponaria vulgaris L. 
Solidago guncea Ait. 
Spiraea tomentose L. 
Ulmus rubra Muhl 


Biology.—Philaenus leucophthalmus overwinters in the 
egg stage in Massachusetts. Mild temperatures in late 
April and early May induce hatching. After eclosion the 
nymph crawls to a suitable host plant and commences 
feeding. Spittle is formed within a few minutes. The 
nymph remains within its spittle mass throughout its 
developmental period of 5 to 7 weeks, except during an 
occasional foray to a new feeding site. Nymphs become 
desiccated and die if deprived of spittle for more than 
an hour at ordinary spring temperatures. 

Just prior to the final molt to the adult stage, the 
nymphs cease the production of spittle. The foam is al- 
lowed to dry, thus forming a chamber in which the final 
molt invariably occurs. The callow adult, white at first, 
remains within the chamber until its wings dry and its 
color pattern begins to take form. The adults, which 
emerge in great numbers in early to late June, typically 
show little desire to migrate until the host plants are 
mowed or decline in sueculence. They then move on to 
hedgerows and surrounding fields where new growth is 
available and remain widely dispersed throughout the 
summer. In the fall the adults, mostly females, migrate 
back to alfalfa and small grain fields. Oviposition com- 
mences in early September, the eggs being laid in packets 
containing 2 to 12 eggs held together by a frothy cement. 
Egg packets are commonly laid between the leaf sheath 
and stem of the plant at a 45° angle to the axis of the 
stem. Apparently the seasonal history of this insect in 
Massachusetts is essentially the same as that reported 
for the Midwest. 

Both Medler (1955) and Weaver (1956), using Wis- 
consin and Ohio data, devised methods of predicting the 
time of egg hatching based on the number of day degrees 
above a given base. Medler analyzed 6 years of spittlebug 
hatching data at two Ohio stations and found that by be- 
ginning on February 1, and summing day degrees above 
a base of 40° F., the date of hatching could be predicted 
within a week, the day degree total being 150. Weaver, 
utilizing a 50° F. base, considered an accumulation of 25 
day degrees from April 1 as the optimum time to spray for 
spittlebugs. The present author has compared both 
methods under Massachusetts conditions. The 40° F. 
base, dating from February 1, proposed by Medler does 
not give consistent results under our conditions. How- 
ever, the 50° F. base method dating from April 1 as pro- 
posed by Weaver has, over a 3-year period, corresponded 
to the date of observed hatching when the total accumu- 
lated day degrees equaled 75 +8. 

Around Amherst first instar nymphs seem to prefer 
young goldenrod and bladder campion plants. In the 
spring these plants produce a tightly encompassed up- 
ward growth that provides the high humidity and protec- 
tion from the sun that are favorable for survival of the 
nymphs. Both the aforementioned species are good 
sources of newly hatched nymphs at the beginning of 
hatching and might serve as indicator plants in checking 
infestations. 
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Table 1.—Percentage of meadow spittlebug nymphs of 
various instars present in the field at a given time during the 
spring of 1956. 


INsTAR NUMBER 








Date Ist 2nd 3rd 4th 
May 17 100 
June 7 6 32 62 
June 14 7 24 10 | 
June 22 17 19 Few 
June 30 100 Many 


5th ADULT 





Movement of a nymph is largely confined to a single 
host plant. Heavy rainstorms may wash nymphs from 
their hosts, but more often only the spittle is washed 
away. The position attained by the nymph places it in 
apposition to the most succulent part of the plant. The 
apparent gregariousness shown by the nymphs on a 
single host plant probably results from the efforts of al 
those present to find the most succulent part of the plant 

the growing tip. 

Periodical field observations were made to determine 
the percentage of the total population that each instar 
constituted in the field at any one time. These data are 
presented in table 1. 

Laboratory rearing studies were carried on to deter- 
mine the number of instars. First instar nymphs were re- 
covered from the field and placed on young plants of 
bladder campion, Silene latifolia Brit. & Rend. Daily in- 
spections were made of each plant and the nymphal 
exuviae, if any, were removed and placed in alcohol. Rec- 
ords made of the length of the various instars derived 
from the above method led to the conclusion that there 
were five instars. 

The occurrence of five instars was further demonstrated 
by the application of Dyar’s law (Comstock 1947) which 
states that a linear measurement in successive instars of 
larvae is in geometric progression. Thus it is possible to 
calculate the number of instars when the head widths of 
two consecutive larvae and those of the first and last in- 
star are known. While previous workers have measured 
the head capsules of fresh or preserved nymphs, the 
present author utilized exuviae. Measurements were 
taken from 210 exuviae collected from both field and 
laboratory reared material. The average ratio between 
any two consecutive measurements of the series shown in 
table 2 was 0.69. This figure was obtained by dividing the 
highest measurement into that of the next earlier one, 


Table 2.—Comparison of actual mean width of 210 head 
capsules of nymphal exuviae of the meadow spittlebug with 
expected widths based on Dyar’s law. 





INSTAR NUMBER 
Mean Wiptus — 
(Mm.) Ist 2nd 3rd 4th 


Actual 0.41 0.61 0.95 36 


Ratio of adja- 
cent instars 0.67 0.64 0.69 


Expected* 0.40 0.58 0.84 





® Calculated from Dyar’s law. 
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Table 3.—Relative abundance of males and females of the 
meadow spittlebug in actual numbers collected by field 
sweeping in 1956 and 1957 at Amherst, Mass. 











Montu 
YEAR AND - , os ee : » 
June July August September October 


206 
114 


175 
238 





summing their ratios and obtaining the mean. A fairly 
constant ratio seems to exist between instars. Calcula- 
tions based on the measurements obtained show that the 
correct number of instars is five. Actual measurements ob- 
tained show close agreement to those of Weaver & King 
(1954). 

Adult populations were followed throughout the 
summer and fall of 1956 and 1957. Peak emergence was 
delayed a week to 10 days in fields that were mowed 
early and the crop left lying in the field to dry. Here the 
nymphs merely migrated to the stubble to complete their 
development. Sharp declines in adult populations oc- 
curred as a result of mowing or decrease in plant succu- 
lence. In these situations adults migrated to surrounding 
fields or hedgerows where succulent foliage was available. 
In our test fields consistently smaller populations of 
spittlebugs occurred in clover as compared with alfalfa. 
First-year alfalfa stands had heavier populations than 
second- or third-year fields. 

Mating occurred indiscriminately both among indi- 
viduals and varieties. The majority of the mating pairs 
found were composed of the varieties spumarius and 
pallidus in one combination or another. However one 
mating pair involved a male spumarius and a female 
marginellus. This mating is of particular interest because 
no males of the variety marginellus have been reported. 
The observations support the theory that these color 
varieties are not separate species. The copulatory posi- 
tion was maintained up to 8 hours. Remating between the 
same individuals was observed on two occasions. 

As the season progressed the ratio of males to females 
in the fields under observation changed. According to the 
data presented in table 3, the shift occurred in late August 
and early September. A large part of the mating has then 
taken place and, since delayed fertilization takes place in 
this species, the females are free to oviposit when condi- 
tions are favorable. Heavy fall reinfestations of alfalfa 
and grain fields were largely composed of females that 
were seeking favorable egg deposition sites. Males, which 
are not driven by the same physiological requirement, re- 
main widely dispersed. 

Preliminary observations indicated that cutting a crop 
just prior to the period of heavy egg deposition discour- 
aged females from using a field as an oviposition site. A 
quantitative study, which tended to support these obser- 
vations, was made on adult spittlebug populations in two 
alfalfa fields under different cutting systems. (See graph 
1.) Thus if a system of management is followed which in- 
volves cutting during the last week of August or first week 
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Table 4.—Comparison of field data with statistical data of 
Weaver & King (1954) for predicting spring nymphal infes- 
a — meadow spittlebug based on adult populations 
in the fall. 








No. or NymMpus 
PER STEM Actua. No, 
EXPECTED or Nympus 
IN SPRING® PER STEM 


ADULTS PER 
SWEEP IN 


Fieip Location FALL 





Amherst 0.52 0.52 0.42 
Hadley 04 04 .08 
Southwick .08 .08 .29 
Southampton 20 .20 20 
Westfield .10 .10 51 
Westfield 46 46 40 





® Based on Weaver & King (1954). 


of September, spittlebug infestations the following spring 
may be substantially reduced. 

Weaver & King (1954) devised a method of predicting 
the nymphal infestation in the spring based on the num- 
ber of adults per sweep recovered in a given field the pre- 
ceding September. This method was also found to be reli- 
able under Massachusetts conditions. Using this tech- 
nique, a survey of six fields conducted in September 1956 
indicated that none of them would have an economic in- 
festation the following spring. This premise was borne out 
when 100 stem counts were made of these same fields in 
the spring of 1957, as can be seen in table 4. 

Several methods for determining nymphal spittlebug 
abundance were evaluated. The sampling technique pro- 
posed by Weaver & Whitney (1956), which utilizes the 
percentage of infested stems in a given area, produced the 
quickest and most accurate results. The accompanying 
data (table 5) indicate that this statistical technique of 
estimating nymphs per stem from the proportion of in- 


Table 5.—Field data* compared with statistical data of 
Weaver and Whitney on alfalfa for determining the reliability 
of using infested stems as an index to the number of nymphs 
of the meadow spittlebug per stem under Massachusetts 
conditions. 





NUMBER OF 


oe No. or 
NYMPHS PER 
Stem? 


Infested Nymphs per 
Stems 


FIELD 
LOCATION 


0.25 42 0.4: 
.22 35 37 
.30 


Amherst 


Hadley 10 
16 
16 


Southwick .26 
.09 


Southwick Coun- 
try Club 


Southampton 


Westfield 





® Based on 100-stem samples. 
> Predicted by Weaver & Whitney (1956). 
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Dates of Collection 





Amherst - Cut Aug. 1, 1956 
- Cut Aug. 27, 1956 


Hadley 


Grapu 1.—Comparison of effect of early and late cutting of alfalfa stands on 
adult meadow spittlebug populations in 1956. 


fested stems is applicable under Massachusetts condi- 
tions. 
The economic importance of the meadow spittlebug as 
a pest of forage crops was investigated. Population 
studies indicated that approximately 17% of the alfalfa 
fields surveyed in 1957 could be regarded as sufficiently 
infested to warrant treatment if an average of } nymph 
per stem is considered the criterion of economic im- 
portance. 
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Effectiveness of New Insecticides on the Potato Leafhopper 
and the Influence of Leafhopper Control and Potato 
Variety on T'uberworm Infestations! 


R. N. Hormaster, Virginia Truck Experiment Station, Eastern Shore Branch, Painter 


ABSTRACT 


In 11 experiments insecticides were screened as foliage sprays 
for insecticidal activity against the potato leafhopper, Empoasca 
fabae (Harr.), on Irish potatoes. Four weekly applications of 
Delnav® (2,3-p-dioxanedithiol S,S-bis(O,0-diethyl phosphoro- 
dithioate), Sevin® (1-naphthyl-N-methyl carbamate), and 
Thiodan® (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro-6,9- 
methano-2,4,3-benzodioxathiepin-3-oxide) at dosages as low as 
0.2 pound per acre were still highly effective 7 days after the last 
treatment, showing a 98% reduction in leafhoppers at that time. 
Ethion, Guthion® (0,0-dimethyl S-(4-oxo-3H-1,2,3-benzotri- 
azine-3-methyl) phosphorodithioate), and Trithion® (S-(p- 
chlorophenylthio)methyl O,0-diethyl phosphorodithioate) gave 
good results at 0.5 pound actual per acre. Diazinon® (0,0- 
diethyl O-(2-isopropyl-4-methyl-6-pyrimidinyl) phosphorothio- 
ate), Dibrom® (0,0-dimethyl-O-(1,2,-dibromo-2,2-dichloroethy] 
phosphate), Dipterex® (O0,0-dimethyl 2,2,2-trichloro-1-hydroxy- 


Normally the potato leafhopper, Empoasca fabae 
(Harr.), causes comparatively little damage to the spring 
Irish potato crop on the Eastern Shore of Virginia. In 
1957, however, a very severe leafhopper outbreak de- 
veloped which reduced potato yields as much as 50%. 
The magnitude of the leafhopper infestation was in- 
fluenced by three factors: 1) Much of the damage oc- 
curred during the 4 weeks immediately preceding harvest, 
at which time the regular insect control programs had 
been largely discontinued because of the very light 
potato flea beetle (/pitriz cucumeris (Harr.)) infestation; 
2) rainfall was extremely light all spring and the potato 
plants were in poor condition to withstand leafhopper at- 
tacks; and 3) many of the growers had shifted to dieldrin 
as the potato insecticide, because of the resistance of the 
potato flea beetle and Colorado potato beetle (Leptin- 
otarsa decemlineata (Say)) to DDT. Although dieldrin 
had suppressed the relatively light leafhopper infesta- 
tions in the past, it failed almost completely during the 
1957 outbreak. 

The investigations reported in this paper were under- 
taken as part of an extensive program to find a better all- 
around potato insecticide. 

MATERIALS AND Procepurgn.—Eleven experiments in- 
volving 98 different treatments were conducted at 
Painter, in Accomack County, Virginia, in 1957 and 
1958. All insecticides were tested as sprays in the emul- 
sion form except Dylox® (0,0-dimethyl] 2,2,2-trichloro-1- 
hydroxyethylphosphonate) (soluble powder) and 
Guthion® (0,0-dimethy] S-(4-oxo-3H-1,2,3-benzotriazine 
3-methyl) phosphorodithioate) (wettable powder). The 
test materials were applied in 100 gallons of water per 
acre by means of a knapsack sprayer operating at 40 
pounds pressure. The potato plots (variety Irish Cobbler) 
consisted of five rows, each 30 feet long with three un- 


ethylphosphonate), parathion, and Phosdrin® (1-methyloxy- 
carbonyl-1-propen-2-yl dimethyl phosphate, 60% _ technical) 
applied at 0.5 pound actual per acre produced a high initial 
mortality but afforded only a limited residual action. DDT at 
0.5 pound actual was quite effective but was inferior to Sevin, 
Thiodan, and a DDT-Dibrom combination. Aldrin, dieldrin, and 
heptachlor did not give adequate leafhopper control. 

Observations in commercial plantings showed that damage by 
the potato tuberworm, Gnorimoschema operculella (Zell.), to 
tubers in the soil was directly influenced by the degree of potato 
leafhopper control and the potato variety. Where poor leaf- 
hopper control was obtained 63% of the Cobbler tubers were 
infested with tuberworms as compared with an infestation of 
only 1.5% in the Pungo variety. Tuberworm damage to Cobbler 
tubers was very light in fields receiving adequate leafhopper 
protection. 


treated rows between each plot. All treatments were 
replicated four times in randomized blocks. 

The relative effectiveness of the various insecticides 
was evaluated by counting the numbers of leafhopper 
nymphs on 25 different potato leaves selected at random 
from the middle row of each plot. 

In addition to the screening trials, field observations 
were made on the general effectiveness of commercial 
spraying practices for leafhopper control. High pressure 
sprayers were used in applying emulsifiable concentrates 
of DDT, dieldrin or parathion to adjacent plantings of 
the Pungo and Cobbler varieties. The relationship be- 
tween these two varieties and their response to different 
degrees of leafhopper control were noted. Plant condition 
was used as a basis for evaluating the several treatments. 

ResuLts AND Discusston.—Four weekly applications 
of Delnav® (2,3-p-dioxanedithiol S,S-bis(O,O-diethyl 
phosphorodithioate), Sevin® (1-naphthyl-N-methyl car- 
bamate), and Thiodan® (6,7,8,9,10,10-hexachloro-1,5,5a, 
6,9,9a-hexahydro-6,9-methano-2,4,3-benzodioxathiepin- 
3-oxide) gave excellent leafhopper control 7 days after the 
last treatment at dosages as low as 0.2 pound per acre 
(experiment 1, table 1). Dieldrin was relatively ineffec- 
tive with only a 45.2% leafhopper reduction. This failure 
to control leafhoppers was reflected in a highly significant 
decrease in yield as compared with all insecticidal treat- 
ments, except Delnav at the 0.2-pound-per-acre level. 
The reason for the poor yield in the plots treated with 
Delnav was not determined. 

As indicated in experiment 2 (table 1), ethion, Guthion, 


1 Presented at the 30th Annual Meeting of the Eastern Branch of the Ento- 
mological Society of America held in Baltimore, Maryland, November 24-%5, 
1958. Contribution from the Entomology Department, Virginia Truck Experi- 
ment Station, Paper No. 130, Journal Series. Approved for publication Mareh 
23, 1959. Accepted for publication March 30, 1959. 
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Hept 
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Sevir 
Thio 
Untr 


Sevi 
0,0. 
hop] 
tion 
Dib: 
ethy 
Wile 


October 1959 


Table 1.—Effectiveness of insecticides as foliage sprays 
against the potato leafhopper on Irish potatoes. Painter, 
Virginia, 1957 and 1958. 

Porato LEAFHOPPER NYMPHS 
PER 25-LEAF SAMPLES ON 
Days SHown Arter Last 

APPLICATION 





7 
TREATMENT AND 
Pounps oF AcTUAL Per Cent 
ToxicANT PER AcrE Number Number Reduction Yrevp* 


Experiment 1 (Spray Applications on June 4, 11, 18, and 25) 
1957 
Delnav, 0.2 1.3 1.5 98. 72, 
Delnav, 0.5 0.3 0.5 99.2 102. 
Dieldrin, 0.2 38.3 61.3 45. 15. 
Sevin, 0.2 1.6 0.8 99. 93 .s 
Sevin, 0.5 0.£ 0.3 99. 101. 
Sevin, 1.0 0. 0.0 100. 97. 
Thiodan, 0.2 1.5 0.8 99.5 98. 
Thiodan, 0.5 0.: 0.0 100. 106. 
Untreated 68.5 111.8 — 71.6 
L.S.D. at 5% level 19.6 13.8 14. 
at 1% level 26. 18.7 19. 


Experiment 2 (Spray Applications on June 4, 11, 18, and 25) 
1957 

Dibrom, 0.5 0.3 

Dylox, 0.5 0.8 
Ethion, 0.2 0.8 
Ethion, 0.5 0.% 
Guthion, 0.5 0. 
Sevin, 0.5 0. 
Trithion, 0.5 0. 
Untreated 52 
L.S.D. at 5% level S$. 
at 1% level 2 


~ 


31.8 73.§ 
46.5 60.5 
11.0 90 
12.0 90. 
11.5 90. 
3.8 96.5 
5.9 95. 

119.0 — 
20.4 

27.9 


Cm oe ecoourgd 
SCOnwnwo eo 


Applications June 25) 1957 


102.8 56.7 
0 22.3 90.6 


Experiment 3 (Spray 
Aldrin, 0.5 j 
DDT, 0.5 
Delnav, 0.5 .s 70 96.3 
Ethion, 0.5 26.3 88.9 
Dieldrin, 0.2 136.3 12.6 
Endrin, 0.2 23.2 90.2 
Heptachlor, 0.5 97.0 59.5 
Sevin, 0.5 23.8 90.0 
Sevin, 1.0 0.0 15.0 92.7 
Thiodan, 0.5 0.5 11.0 95.4 
Untreated 70.3 237 .5 
L.S.D. at 5% level 71 22.0 
at 1% level 9.5 29.5 
Experiment 4 (Spray Applications June 4, 10, 16, and 23) 
1958 
DDT, 0.5 0.8 20. 84.2 111.8 
DDT, 0.5-Dibrom, 0.5 0. 3.8 97.1 139.: 
Sevin, 0.5 0.0 3 96.9 127. 
Sevin, 1.0 Ou: 99.0 140.5 
Thiodan, 0.5 0. 98.1 132. 
Thiodan, 0.75 0.! 98 .6 145.8 
Untreated 55. 90. 
L.S.D. at 5% level 9. 19. 
at 1% level 18. 26. 


“~ 


W Or or 


or or 





* Pounds of U. S. No. 1 potatoes. 


Sevin, and Trithion® (S-(p-chlorophenylthio)methy! 
0,0-diethyl phosphorodithioate) continued to hold leaf- 
hopper populations in check for 1 week after the comple- 
tion of a regular control schedule and were superior to 
Dibrom® (O,0-dimethyl-O0-(1,2-dibromo-2,2-dichloro- 
ethyl) phosphate) and Dipterex in this respect. Ditman & 
Wiley (1958) in Maryland, obtained good residual action 
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with Thiodan and Trithion at 0.5 pound per acre and 
Sevin at 1 pound per acre in tests to control the potato 
leafhopper on snap beans. 

In experiment 8, (table 1), single applications of aldrin, 
dieldrin, and heptachlor were ineffective at both 2 and 7 
days after application, whereas DDT, Delnav, Sevin, and 
Thiodan gave good initial leafhopper control and ex- 
tended protection. Ethion and endrin, although showing 
significantly higher 2-day counts than DDT, Delnav, 
Sevin, and Thiodan, held the number of leafhoppers at 
a low level thereafter. 

All treatments in experiment 4 (table 1) were superior 
to the untreated check. However, DDT gave somewhat 
poorer leafhopper control than the other insecticides as 
well as a definite reduction in yield. When DDT was 
combined with Dibrom, both leafhopper control and 
yield were increased to a point where they were equal to 
Sevin and Thiodan. 

In addition to the insecticides included in the preced- 
ing four experiments, Diazinon® (O0,0-diethyl O-(2-iso- 
propyl-4-methyl-6-pyrimidinyl) phosphorothioate), ma- 
lathion, parathion, and Phosdrin® (1-methoxycarbonyl-1- 
propen-2-yl-dimethyl phosphate, 60% technical) gave an 
initial leafhopper kill of 95% or higher but were char- 
acterized by a lack of residual action. 

A study of the spraying practices in four commercial 
potato fields in Northampton County revealed a very in- 
teresting relationship between leafhopper control, potato 
variety and potato tuberworm, Gnorimoschema oper- 
culella (Zell.), infestation in unharvested tubers (table 2). 

A single application of dieldrin in field 1 and two appli- 
cations of dieldrin in field 2 resulted in very poor leaf- 
hopper control. Moreover, plants of the Cobbler variety 
were completely dead in both fields whereas plants of the 
Pungo variety had green main stems and a few green 
leaves. Although there were no apparent significant dif- 
ferences in the number of tuberworms in the stems of 
the two varieties, the unharvested Cobbler tubers had 
tuberworm infestations of 75% and 51% in fields 1 and 2, 
respectively, as compared with a 2% and 1% infestation 
in the Pungo tubers. This difference in tuber infestation 
was obviously caused by the fact that the plants of the 
Cobbler variety were killed prematurely by the leaf- 
hoppers, forcing the tuberworms to seek food elsewhere, 
whereas the plants of the Pungo variety were still rela- 
tively green and could support a heavy tuberworm popu- 
lation. 

In fields 3 and 4, where dieldrin-parathion and DDT- 
parathion combinations resulted in effective leafhopper 
control and the plants remained green, tuberworm dam- 
age in the Cobbler variety was reduced to practically 
zero. It should be pointed out that tuberworm feeding 
patterns varied from the usual (Poos & Peters 1927, 
Hofmaster 1949) in that only an occasional mine was ob- 
served in the foliage. 

A more extensive survey of the potato area in North- 
ampton County showed that approximately 300 acres of 
potatoes were not harvested because of excessive tuber- 
worm damage to the tubers. The heaviest infestations 
were always associated with the Cobbler variety and with 
poor leafhopper control. 

In a direct comparison of the Pungo, Cobbler, and 
Kennebec varieties, plants of the Kennebec variety were 
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Table 2.—Influence of potato leafhopper control and Irish potato variety on potato tuberworm damage to 


potatoes in the soil. Capeville and Cheriton, Virginia, 1957. 





FIeLp Insecticipg, AcruAL TOXICANT PER 
NUMBER AcrE, AND No. or APPLICATIONS VARIETY 


Dieldrin, 0.2 lb., 1 Cobbler 
Pungo 


Dieldrin, 0.5 lb., 2 Cobbler 


Pungo 


Cobbler 
Pungo 


Dieldrin, 0.2 lb.4+-parathion, 0.25 lb., 3 


DDT, 0.5 lb.+-parathion, 0.25 lb., 2 Cobbler 


Pungo 


Errect oF HopreERBURN ON PLANTS 





No. or* 
TUBERWORMS 
PER 50 


UNHARVEST§D 
Tusers In- 
FESTED WITH 

JUNE 28 


Piants TUBERWORMS (%) 


Completely dead 310 7 
Main stalk green, a few green leaves 249 





Completely dead 384 
Main stalk green, a few green leaves 439 


Green stems and foliage 207 
Green stems and foliage 305 


Green stems and foliage 79 0 
Green stems and foliage 53 0 





* Based on plant stems only. Since most of the tuberworms had left the Cobbler vines in fields 1 and 2 it was necessary to estimate the original infestation in 


the Cobblers from the number of tunnels and emergence holes. 


found to withstand poor leafhopper control even better 
than plants of the Pungo variety and to have worm-free 
tubers as well. 

Potato varietal studies by Parker et al. (1954) at Onley, 
Accomack County, Virginia, rather clearly indicate that 
the difference in varietal response to leafhopper popula- 
tions was due to a varietal characteristic and not influ- 
enced by spray practices. In these trials at Onley, which 
received no insecticidal treatments, the relative varietal 
response to leafhoppers was the same as that observed in 
the present study at Painter. 

Based on the results of the screening tests and observa- 
tions throughout the potato growing areas of southeastern 
Virginia, it has become quite apparent that aldrin, diel- 
drin, and heptachlor are not adequate all-around potato 
insecticides. However, a combination of these materials 
with DDT, Diazinon, or parathion has given good control 
of the potato insect complex in general and is being used 


on a commercial basis in this area. Sevin and Thiodan, 
since they control not only the potato leafhopper but 
other potato pests as well, hold considerable promise for 
use as a general potato insecticide. 
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Field Evaluation of Demeton in the Control of Beet Yellows Virus! 


E. S. Syivester, VERNON E. Burton, and R. B. Duncan? 


ABSTRACT 


Differences in yield and/or per cent sugar were found to be 
associated with the reduction in numbers of green peach aphids 
(Myzus persicae (Sulz.)) and delayed incidence of infection of 
the beet yellows virus in demeton spray-treated plots in three 
locations in Kern County, California. Populations of aphids 
were initiated by alatae early in February and were terminated 
by natural factors during mid-May. Symptoms of virus yellows 
infection were first found in early April, and spread continued 
until approximately 100% of the plants were infected. The best 
available evidence indicated that treatment could delay 100% 
infection for a period of approximately 3 weeks. With the ex- 
ception of one field in which generally poor growing conditions 
prevailed, increased tonnage of beets was found in the sprayed 
plots. Increase in sugar percentage was associated with treatment 
in all locations. 


Increasing concern by growers over reduced yields and 
sugar percentage in the beet crops in Kern County, 


California, necessitated some attempt at remedial meas- 
ures. In the fall and winter of 1957, it was suggested that 
a beet-free period be instituted,’ and within the limits of 
practicality the sugar-beet-growing areas of Kern County 
were free of crop beets for approximately 1 month from 
December 15, 1957, until January 15, 1958, when the 
first seedlings of the 1958 crop began to emerge. 

In addition to the beet-free period, replicated plots 
were established during the spring of 1958 in three com- 
mercial beet fields in an attempt to evaluate the efficacy 
of vector control in reducing virus spread. One field 


1 Accepted for publication April 6, 1959, 

2 Associate Entomologist, University of California, Berkeley; Farm Advisor, 
University of California Extension Service, Kern County; and Agriculturalist, 
Spreckels Sugar Company, respectively. 

® Because of the results of English and Continental European work and those 
of the U. S. Department of Agriculture workers upon the general problem ot 
beet yellows virus, the suggestion was made and accepted by those concerned 
at a general meeting during October 1957 at Bakersfield, California, attended 
by representatives of growers, processors, the U.S.D.A., and the Experiment 
Station and Agricultural Extension staffs of the University of California. 
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(Rockwell) was north of Wasco, another (Camp and 
Lackenmaier) was south of Shafter, and the third (Hen- 
son Bros.) was southwest of Bakersfield in the Maricopa 
Flats area.* 

Metnuops.—Each experimental area consisted of four 
replications of a treatment and a check plot. The treated 
plot within the block was selected at random. Each in- 
dividual plot consisted of eight rows of 30-inch beets, 
and although treatment was continued on the eight rows 
for the entire length of the field, for purposes of insect 
and disease counting, each plot was limited to 200 feet 
of length, beginning at a distance 50 feet from the edge 
of the field. Only the center four rows were used for 
sampling purposes, the two outside rows on each side 
serving as buffer rows. 

The experiments were not designed to evaluate the 
efficiency of various aphicides, but rather to determine if 
repeated weekly applications of a known potent aphicide 
of the systemic type would be associated with the preven- 
tion or delay of the spread of beet yellows virus within the 
treated areas. Demeton® was chosen because it was known 
to be an effective aphicide and somewhat systemic in 
its action. It was a good compromise in the attempt to 
minimize the action of the insecticide on the normal 
populations of parasites and predators, and was con- 
sidered to have a high potential for registration approval 
for use on sugar beets. 

Insect samples were taken at weekly intervals begin- 
ning February 11 and were continued through May 13, 
1958. For sampling purposes, each of the four 200-foot 
count rows was subdivided into ten 20-foot lengths. At 
random, 10 of the possible 40 lengths were selected each 
week for actual sampling. The individual samples were as 
follows: prethinned beets, 10 plants within each of the 10 
selected 20-foot row lengths; thinned beets, during the 
month of March, 4 plants from each selected row length, 
after which 1 plant within each of the 10 sections selected. 

The plants were left in place, examined in their en- 
tirety, and the total aphids on each plant were counted. 
For purposes of recording, the aphids were grouped as to 
the green peach aphids, Myzus persicae, and others. Within 
each of the two groups, the individuals were classified as 
alatae, apterae, and nymphs. While population levels 
remained low, records were kept as to the proportion of 
the nymphal population, which was alatoid, but later it 
was merely noted whether alatoid nymphs were present in 
a particular colony. The incidence of fungus disease of 
the aphids was noted, and records were kept of certain 
predators and parasites. 

The presence of the following diseases was recorded: 
beet yellows, beet mosaic, beet yellow-net, beet curly top, 
and the occasional case of mildew. The most reliable 
estimate of the amount of disease present was made by 
examination of a minimum of 100 and a maximum of 
approximately 300 contiguous plants in one randomly 
selected row out of the four possible in each of the plots. 

Spraying was done with a tractor-mounted, power 
take-off Hypro spray pump with a four-row boom. The 
nozzles per row progressed from one to three as the size 
of the beets increased, and the amount of demeton was 
progressively increased from 2 to 8 ounces in 10 to 40 
gallons of water. Spraying was done as nearly as possible 
at weekly intervals beginning February 21 and ending 
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May 6. However an unusual period of rainy weather 
necessitated adjustments in both the intended spraying 
and sampling schedules, especially the former. Only one 
sample was missed entirely on two of the fields, and on 
the third it was delayed a day on one occasion. 

The treatment of the plots was continued through the 
entire length of the fields. Thus, to estimate yields, it 
was possible to subsample each plot through the length 
of the field. Five 20-foot sections were chosen as sub- 
sampling areas, each area including the eight plots of 
the four blocks. Yields were measured by weighing all 
beets in each of the four count rows of each plot, the beets 
from two rows being pooled to give a single weight value. 
Thus 2 weighings were made from each of the 5 subplots 
in each plot, or a total of 10 weighings for each of the 
8 plots in each of the 3 locations. Prior to weighing, the 
beets were machine lifted, topped by hand, and four to 
six beets were bagged for sugar analysis. Weighing was 
done using a bucket and a spring tension scale, with re- 
cordings being made to the nearest 0.5 pound. The raw 
data included the weight of the bucket and the bag, and 
this correction factor was subtracted at the time of 
analysis. After the field weighing, the bagged subsamples 
were taken to the Sprekels Sugar Company laboratory in 
Bakersfield, California, where the beets were brushed, 
trimmed, and analyzed for sugar content. By this method, 
two additional figures were obtained, the per cent clean 
beets and the per cent sugar. The data analysis used the 
figures corresponding to the pounds of clean beets and 
those estimating the per cent sugar. 

Resuuts.—A phid Population Development.—M yzus 
persicae made up approximately 95% of the total number 
of aphids counted (something in excess of 87,000 in- 
dividuals), and the conclusions drawn presumably apply 
to this species. The green peach aphid is also believed to 
be responsible for most of the field spread of beet yellows 
virus. This would be particularly true in the spring in 
Kern County, for not only are the other potential vectors, 
Aphis fabae Scop., and Macrosiphum solanifolii (Ashm.), 
less efficient in the transmission of this virus, but they are 
not the dominant species on sugar beets during this time. 

The results of the aphid counts are given in figures 1, 2, 
and 3, based upon the total aphids counted, but segre- 
gated as to alatae (fig. 1), apterae (fig. 2), and nymphs 
(fig. 3). Each field and each sampling period was analyzed 
separately, assuming a Poisson distribution and using 
the ¢ test of significance. In the figures, whenever two 
points are given for the aphid count on a particular date, 
the evidence for separation has statistical support at a 
minimum of the usual 5% level of significance. 

An occasional alate was found in two of the fields during 
the first sampling period (February 11), and in the follow- 
ing weeks nymphs were found in all fields. The general 
population trend was similar in all of the fields, viz., 
initiation, peaking, and termination. The rate of increase 
was least in the Henson Bros. field, and the population 


4 The authors wish to acknowledge the splendid cooperation of the various 
growers, not only for the use of the land and crop, but for their willingness to 
adjust their agricultural practices to fit the spraying, sampling, and harvesting 
schedules. 

5 The authors are indebted to the Chemagro Corporation for supplying the 
demeton, to the California Spray-Chemical Corporation for contributing the 
spray equipment, and to the Davies Machinery Company for furnishing the 
tractor. 
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Fic. 1.—Population polygons indicating the incidence of alate aphids (mainly Myzus persicae (Sulz.) on demeton-treated (solid line) 
and untreated (broken line) plots in three beet fields in Kern County, California, during the spring of 1958. The vertical arrows 
indicate the dates of demeton application. 


reached maximum levels a week earlier in the Rockwell 
field than in the other two. In all fields the population 
abruptly decreased during the 2-week period April 29 to 
May 13. Presumably host plant maturation and the 
onset of high temperatures typical of the summer season 
of Kern County, established the general limit to the 
length of time that the population would endure. Within 
this limit, other factors affected the quantitative aspects 
of the developmental trends in each field. With the excep- 
tion of the immigrating alate aphids, it is obvious that 
treatment affected the numbers of insects found, but it 
did not affect the general developmental trends. In the 
case of the Rockwell field and the Camp and Lackenmaier 
field, treatment delayed the downward trend of the 
population approximately a week. There was little evi- 
dence that demeton acted in a truly systemic manner. 
Evidently translocation of the toxicant was limited to the 
leaves actually contacted with the material, and thus the 
new growth was continuously susceptible to colonization. 


Not apparent from the counts is the fact that the popula- 
tion on the treated plants was limited almost entirely to 
the newly emerging leaves in the center of the plants, 
while that of the untreated plants had a greater tendency 
for dispersal over more of the plant tissue. However, 
independent of treatment, there was a general tendency 
for the aphids to continually relocate on the more favor- 
able immature tissues and to avoid the mature leaves. 
Later in the sampling period occasional small colonies 
composed of a few individuals would be found on the 
older leaves which were approaching senescence. On the 
untreated plants rather considerable numbers of aphids 
would be found on the peripheral tissues at the base of 
what otherwise might be considered mature leaves. This 
peripheral tissue is the last to mature on the leaves. The 
application of demeton largely prevented this condition, 
with the exception of the occasional plant which ap- 
parently was missed during the treatment. The general 
impression was that treatment, while not suppressing 
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Fic. 2.—Population polygons indicating the incidence of apterous aphids on demeton-treated (solid line) and untreated (broken line) 
plots in three beet fields in Kern County, California, during the spring of 1958. The vertical arrows indicate the dates of demeton 
application. 
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Fia. 3. 


Population polygons indicating the incidence of nymphal aphids on demeton-treated (solid line) and untreated (broken line 


plots in three beet fields in Kern County, California, during the spring of 1958. The vertical arrows indicate the dates of demeton 
application. 


vented the within-field release of secondary alatae, and 
advanced the date of population decline (figures 1 and 3). 
Coccinellids appeared relatively late, but were judged to 
have been in sufficient numbers to insure cleanup of the 
residual population after May 13 (table 2) 


mw)e 


Braconid 
parasites were probably of little consequence in this field. 

Camp and Lackenmaier Field.—The population in 
this field peaked about a week after that in the Rockwell 
field, and simultaneously with that in the Henson Bros. 
field. Initial alate immigration was lower than in either 
of the other two fields, but the population maximized at 


the highest level found, an average of approximately 370 
nymphs per plant on the untreated plots. This field had 
a lighter soil and slightly less rainfall compared with the 
Rockwell field, and the fungus disease was slower in 
developing and less consistent in its attack than at Rock- 
well (table 2), but undoubtedly hastened the decline of 
the population. Coccinellids came in slightly later than at 
the Rockwell field, but at the time of population decline 
were important in the elimination of the remaining aphids. 
The schedule of treatment was maintained with more 
regularity than at Rockwell, and this was evidenced by 
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Table 2.—Biotic factors influencing populations of Myzus persicae developing on sugar beets during the spring of 1958, 








Kern County, California. 


Per Cent oF PLAnts SAMPLED* WITH 





No. Puants SAMPLED* Live Aphids 


Fungus-killed Aphids Parasitized Aphids 


Coccinellids” 





H 
100 <1 
400 2 4 <1 
400 j j 4 
160— j { { 18 
160 5 j 63 4 16 
160 j j 90 ii 22 
160 j j 99 ‘ 39 





88 i 100 95 70 
40) 100 100 
40) 3s 100 100 
40 100 

10) 100 38 


40 39 56 5 


R C&L H R 





0 0 0 

0 0 0 

o <I 

1 1 

1 0 

2 1 
18 4 
=“ <a 
34 53 
98 30 15 
95 80 30 
65 40 : 23 
70 83 50 
15 15 18 é : q 49 





® R=Rockwell field, North of Argin; C&L =Camp and Lackenmaier field, southeast of Schafter; H =Henson Bros. field, southeast of Bakersfield. 


> Coccinellid counts include adults, larvae (all instars) and prepupae. 


the continual depression of the nymphal aphid popula- 
tion from March 11 until May 6 when treatment was dis- 
continued (fig. 3). Alatoid nymph production reached 
maximum in the Camp and Lackenmaier field coincident 
with the peaking of the nymphal population, and this 
was followed a week later by a noticeable increase in the 
number of alates per plant found on the untreated plots 
(fig. 1). Fungus attack apparently was not sufficiently 
heavy to prevent maturation of the alatoid nymphs and 
the subsequent within the field alate flight, as was the case 
in the Rockwell field. 

Henson Bros. Field.—In spite of the comparatively 
early, heavy, and continuous immigration of a late Myzus 
persicae into this field (fig. 1), large colonies of aphids 
failed to develop on the plants regardless of treatment. 
The maximum nymphal population attained approxi- 
mately the level of 20 to 30 aphids per plant. Fungus 
probably was of little consequence in affecting the popu- 
lation trend in this field, presumably owing to the lack of 
contiguous suscepts (table 2). Braconid parasites were 
more noticeable in this field than in either of the others, 
and because of the relatively few aphids per plant, they 
affected a greater proportion of the population. Coccinel- 
lids were late in developing in the Henson Bros. field, but 
finally became sufficiently abundant to insure residual 
population cleanup. Alatoid nymphs never were abun- 
dant, presumably because the population density failed 
toreach the threshold value in the majority of the colonies 
(table 1). The treatment schedule was comparable to 
that at the Camp and Lackenmaier field, and it is evident 
that it suppressed population development quantitatively. 

Virus Control.—Initial Sources and Introduction. In 
spite of the beet-free period and the cultivation of fields 
which had been previously cropped with beets, the pro- 
longed wet spring favored the rooting of tops and pieces 
of old beet root, both within fields that were going to be 
replanted to beets, and fields which were to be fallowed 
or cropped with something other than beet. Thus there 
were adequate initial sources of virus, without assuming 
the existence of weed host virus source plants. 


The first evidence of virus introduction into any plot 
area was on April 2, in the Camp and Lackenmaier field, 
when one mosaic-diseased plant was found during the 
aphid sampling period. The following week in the Rock- 
well field, one mosaic-infected plant and one yellows- 
infected plant were found. Adjusting for the incubation 
period of these diseases, it was probably about mid- 
March when the actual inoculation occurred, which was 
coincident with the first noticeable rise in alate activity 
(fig. 1). 

Rockwell Field.—Little virus incidence control was ob- 
tained in this field. The combination of rain and heavy 
soils prevented spray application for approximately a 
month (April), and the nymphal population on both 
treated and untreated plots increased to an estimated 30 
to 40 nymphs per plant. Since yellows had been noted in 
this field on April 8, failure to control the early April 
population rise probably was critical as far as virus spread 
was concerned. The immigrating alatae may have had a 
greater proportion of inoculative insects and as a result, 
more foci of infection could have been established during 
the initial phases of population buildup and dispersal 
within this field. Evidence for this premise was the delay 
in the appearance of either yellows or mosaic diseases in 
the Henson Bros. field, in spite of the fact that initial 
alate flights occurred approximately at the same time and 
were at least as heavy as they were in the Rockwell field. 

An actual virus disease count was begun on May 28, 
but was discontinued when it became evident that more 
than 50% of the plants were diseased either with yellows 
virus alone or in combination with mosaic, regardless of 
treatment. The count indicated approximately 68% in- 
fection with yellows in the treated plots (566/839) com- 
pared with about 80% infection in the untreated plots 
776/959). Thus while evidence for less yellows infection 
in the treated plots could be supported statistically 
(x?=42.5, d.f. 1, p=0.001), little in the way of practical 
control was anticipated. 

Camp and Lackenmaier Field.—Yellows was not 
found in this field until April 29. Incoming alate flights 
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were lighter and somewhat delayed in comparison with 
the other two locations, and although the peak aphid 
populations were far greater in this field than in either 
of the other two, the regular treatment schedule appar- 
ently resulted in a suppression of nymphal populations 
and prevented the release of a secondary within the field 
alate flight such as occurred in the check plots (fig. 1). 
Disease counts were begun on April 30, and continued at 
approximately weekly intervals until May 20, at which 
time the data indicated approximately 25% yellows (with 
or without mosaic) incidence in the treated plots, con- 
trasted with approximately 90% in the untreated areas. 
This difference in disease incidence was visually evident 
with the treated strips appearing as green stripes through 
the field. 

A month later, on June 20, a disease count indicated 
that approximately 100% infection was present in the 
plot area independent of treatment. Thus treatment de- 
layed but did not prevent virus spread, and it was not 
effective enough to prevent the eventual swamping of 
the treated areas with disease presumably because of 
the close proximity of a large and apparently highly 
inoculative vector population. An approximation’ of the 
difference in the rate of virus spread in the treated and the 
untreated plots is given in figure 4, assuming a logarithmic 
rate of increase. 

Probably the large alate population which developed 
on the check plots and which peaked on May 21, was 
responsible for the disease spreading rapidly over the 
entire plot area, and accounts for the rather poor fit of the 
regression line during this period. This conclusion is 
somewhat speculative, but the gap between the high 
secondary within field alate population on the check 
plots and the occurrence of practically 100% infection in 
the treated plots would be expected, owing to the in- 
cubation period of the disease in the inoculated plants. 

Henson Bros. Field.—In contrast to the spread of virus 
yellows in the Wasco and Schafter area, was the situa- 
tion that obtained in the Maricopa flats area. Here in 
spite of the relatively early, heavy, and continuous in- 
coming of alate green peach aphids during February, 
March, and April, populations failed to develop on the 
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Fig. 4.—Regression lines estimating the rate of virus yellows 
spread in demeton treated and untreated plots in the Camp and 
Lackenmaier field of sugar beets during the spring of 1958. The 
method of estimating the value of the points is given in text. 
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beets and virus introduction was minor. The reasons for 
either of these phenomena are unknown. Virus spread 
was slow early in the season, for on May 20, disease 
counts indicated approximately 4% yellows in the 
treated plots, and about 11% in the untreated ones. A 
second disease count made on June 16 indicated that the 
disease in the treated plots had increased to approxi- 
mately 35%, while in the check plots it was approxi- 
mately 56%. 

Even with a low rate of virus introduction by incom- 
ing alates, and relatively low aphid populations, evidence 
for decreasing the incidence of disease (rate of spread) 
by the use of demeton was demonstrated. But perhaps 
of more interest was evidence that virus spread continued 
regardless of the fact that aphid populations on the 
plants had been reduced to almost undetectable levels 
by what might be considered feasible sampling methods. 

Yields.—The Rockwell plot was harvested August 26, 
1958, Henson on September 3 and Camp and Lacken- 
maier on September 4. The raw data were recorded in 
pounds (to the nearest 0.5 pound) per 40 feet of 30-inch 
row. The initial analysis of variance used the figure for 
pounds of clean beets per 40 feet of 30-inch row (raw 
weight —tare (bucket +bag) X% clean beets), in order to 
measure possible effects of treatment and replication on 
yield. In the analysis the weights were rounded to the 
nearest pound. The preliminary analysis indicated rep- 
lication homogeneity in all locations, and therefore the 40 
subsample weights from both the treated and untreated 
plots were used for a ¢ test of significance. This test was 
also used to judge the evidence for differences in _per- 
centage of sugar. The mean yields in tons per acre (mean 
yield in pounds per 40 feet of row X 0.217) and the per 
cent sugar for both the treated and untreated plots in 
sach of the three fields are given in table 3. 


7 For purposes of estimation, it was initially assumed that the May 20 count 
(which included the number of healthy plants as well as a measure of the row 
distance needed to include 300 plants) could be used as an estimate of the degree 
to which the more rapid but superficial count of May 19 was reading low. From 
this percentage, estimates for disease incidence were made for the April 30, 
May 5, and May 12 counts, and a regression line was calculated, assuming a 
logarithmic rate of increase. Once the value of b was obtained, the April 30, 
and May 5 and 19 estimates were recalculated allowing for the 24-hour differ- 
ence between the May 19 and the May 20 readings, and from these corrected 
values the final regression line was calculated. 


Table 3.—Yields* in tons per acre of sugar beets and the 
per cent sugar obtained in insecticide-treated and untreated 
plots established in an attempt to control spread of beet 
yellows virus at three locations in Kern County, California, 
in 1958. 





LOCATION 


Camp and — Henson 
Rockwell Lackenmaier Bros. 





Treated 16.8 26.3 37.6 

Untreated 16.7 18.5 33.7 
L.S.D. at 5% level 2.3 1.9 1.1 

Per cent sugar 

Treated 13.3 10.8 12.5 

Untreated 12.2 9.5 11.8 
L.S.D. at 5% level 0.4 0.7 0.4 

* Based upon 40 samples. The method of sampling and factors used in the 


calculations to convert the raw data to tons/acre are given in text. 
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‘The evidence for the following conclusions was statis- 
tically supportable at a minimum of 5% level of signif- 
icance. Increased yields in tons per acre of sugar beets 
were obtained in the treated plots at both the Camp and 
Lackenmaier and the Henson Bros. fields, but not at the 
Rockwell field. Increased percentage of sugar was found 
to be associated with treatment in all locations. 

Although it is possible to explain the various results on 
yield and sugar almost strictly in terms of virus inci- 
dence, it would be quite speculative to do so. A number 
of factors affect the yield and quality of the beet crop, 
and in these field trials, only a few were subjected to any 
measurement. In general under conditions of early and 
relatively heavy infection of beets with mosaic and 
yellows (Rockwell, 68% versus 80% infection in treated 
and untreated plots by May 28), lack of treatment was 
associated with sugar, but not weight loss. It might be 
assumed under these conditions that failure to attain 
good control of early virus incidence, plus generally 
poor cultural conditions, resulted in a loss of experimental 
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sensitivity as far as yield is concerned but still allowed 
a measurable difference in sugar percentage. 

In the situation (Camp and Lackenmaier) where the 
infection of yellows was delayed by treatment until the 
beets had reached greater size (25% versus 90% infection 
in treated and untreated plots by May 28), it was possi- 
ble to measure a difference both in percentage of yield 
and sugar. This field suffered from a late attack of leaf 
spot disease, which caused partial defoliation and stimu- 
lated a regrowth. Perhaps this fact is the explanation of 
the over-all depression of sugar content. 

Finally, in the case (Henson Bros.) where the onset of 
yellows was considerably delayed (4% versus 11% infec- 
tion in treated and untreated plots by May 28), and the 
incidence of mosaic was relatively minor, a small dif- 
ference in yield and sugar occurred. Again these state- 
ments are correlative, and the potential cause and effect 
relationships cannot be deduced from this type of ex- 
perimentation where many relevant variables have not 
been assessed. 














Hermetia illucens (Linnaeus) as a Factor in the Natural 


Hermetia illucens (Linn.) was reared in the laboratory from 
field-collected larvae. Newly hatched larvae required 2 weeks 
or longer to attain full growth at a temperature of 30° C. in moist 
standard house fly breeding medium. No evidence of paedogene- 
sis was demonstrated. Larvae displayed little resistance to 
freezing. The pupal stage lasted from 2 weeks to 5 months at 
temperatures ranging from 21° to 28° C., Adult flies held at 
temperatures around 30° C, were active and fed on honey diluted 
with water or sugar-water solutions. Adults were eurygamous, 
refusing to mate in cages of 25 cu. ft. volume. Sterile egg masses 


were deposited. 

In combined laboratory cultures of H. illucens with Musca 
domestica Linn. the per cent of successful development of house 
flies decreased as the number of actively feeding larvae of 


On numerous occasions in the past few years the popu- 
lar press has reported control of the house fly, Musca 
domestica Linn., on poultry farms where manure was 
naturally infested with larvae of the soldier fly, Hermetia 
illueens (Linn.). Since no experimental data seem to have 
been published evaluating a possible antagonistic effect 
between the two species, investigations were initiated in 
1957 to clarify the situation. 

As pointed out by James (1935), Hermetia illucens oc- 
curs in the more moist tropical and subtropical regions of 
the world. It is a relatively common fly in parts of the 
Southern United States. 

In 1926 Copello recorded observations on the biology of 
H. illucens at Buenos Aires, Argentina. He stated that 
adult flies emerged from spring through the summer and 
early fall months. Mating commenced during flight. Fe- 
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ABSTRACT 


H., iilucens was increased. This relationship was modified by the 
total amount of larval medium available. H. illucens larvae were 
not cannibalistic or predacious on house fly larvae, although they 
ate dead flies. 

Field observations over a period from October 1957 through 
September 1958, in the upper San Joaquin Valley of California, 
demonstrated adult H. illucens activity from April to November, 
with a peak in late August. Larvae occurred in poultry manure 
throughout the year, but were relatively inactive during winter 
months. House flies were very rarely found breeding in manure 
where H., illucens larvae were abundant. Artificial infestation of 
poultry droppings with H. illucens larvae prevented house fly 
breeding, while adjacent moist control sections became heavily 
infested with house flies. 






males characteristically oviposited around the edges of 
decaying masses of organic debris. Eggs hatched in a few 
days, but larval development was slow. A single genera- 
tion was produced each year, with larvae spending the 
winter in quiescence. Although Copello felt that the flies 
aided in the sanitation of the environment, he gave par- 
ticular attention to their habit of ovipositing in cracks of 
beehives; the larvae subsequently fed on the contents of 
the hives. He indicated that larvae of Hermetia caused 
perceptible damage only in weak colonies of bees. 
Lasoratory Trsts.—Hermetia illucens larvae were ob- 
tained from poultry manure for laboratory observations 
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and culture. In routine culture the larvae were held in 
glass jars, 10 inches in“diameter by 12 inches in height. 
For each culture 200 to 500 ml. of CSMA (Chemical 
Specialties Manufacturers’ Association) standard fly 
larval medium (Ralston Purina Company) were used per 
week, moistening the material to the same degree as in 
house fly cultures. Additional water was added as neces- 
sary so that the medium remained damp but loose. A 
typical culture medium was demonstrated to contain 52% 
water by weight. Cultures were held both at room tem- 
perature and at a constant temperature of 30° C. 

Pupation proceeded satisfactorily in the culture 
jars. Routinely the pupae were left in the jars and the 
resulting imagoes removed upon appearance. 

Adult stratiomyids were held in two types of indoor 
cages. The first was an 18-inch screen cubicle held in a 
30° ©. glass-fronted incubator at a relative humidity of 
approximately 90%. The second type was a plastic 
screened cage, 24 feet square by 4 feet high. Two 100- 
watt incandescent lamps were placed against the screeu- 
ing at floor level, while a third was placed at the top of 
the cage. An 18-inch-wide band of cotton gauze, hanging 
the length of the cage, was maintained as a moist sur- 
face, dripping into a screened enamel pan on the floor of 
the cage. The entire cage was covered with heavy paper 
to aid in retaining heat. This assembly provided a tem- 
perature of approximately 28° to 30° C. at the top of the 
cage. 

Adults in both cages were fed on sugar-water and 
honey diluted with water; additionally, jars of moist 
larval culture medium were accessible. 

To determine the developmental rate of H. illucens 
larvae, 100 of the smallest field collected specimens, 
ranging from 1 to 3 mm. long were cultured in an excess 
of moistened, standard fly-breeding medium held at 
30° C. Within 4 days their length ranged from 10 to 15 
mm. At the end of 2 weeks they had attained lengths 
ranging from 25 to 30 mm., and 50% of the remaining 79 
viable larvae had pupated. Duration of the larval stage in 
routine cultures was approximately the same as de- 
scribed above except in those instances in which the 
food supply was reduced; this reduction in food supply 
prolonged the period of larval development up to 4 
months. Addition of fresh food to a larval culture re- 
sulted in a rapid churning of the upper strata of the 
medium as the larvae worked beneath the surface. 
Larval activity was also increased by the addition of 
water to replace that lost by evaporation. 

Larvae of H. illucens fed voraciously on the bodies of 
dead larvae or adults but were never observed to attack 
the living forms. Pupae were not attacked by larvae. 

Larvae isolated in glass beakers were destroyed by 30 
minutes’ exposure to —2°C., but at 2°C., in a thin layer 
of culture medium, most larvae survived 24 hours’ ex- 
posure; 60 hours’ exposure under the latter condition was 
uniformly lethal. 

Repeated rearing of known numbers of larvae pro- 
duced no evidence that multiplication by paedogenesis 
occurred. 

The pupal stage lasted for approximately 2 weeks under 
routine culture methods as well as in a detailed study 
carried out at room temperatures ranging from 21° to 
28° C. However, occasional specimens exhibited a pro- 


longed pupation period; i.e. 5 of 79 pupae produced 
adults after 2 to 5 months. No sex-associated difference in 
the length of the developmental period was noted. 

Adult Hermetia illucens were demonstrated to be 
positively phototropic. At 30° C. the flies were quite 
active in the culture cages. When removed to room tem- 
peratures appreciably below 30° C. they became sluggish 
and were easily captured by hand. No mating was noted 
in either small or large cages. However, females deposited 
sterile egg masses. Typically, oviposition took place 
through the screen mesh of the cages. The cigar-shaped, 
yellowish ova were deposited singly in rapid succession 
to form masses of 500 to 1,000 eggs. Adult flies lived for 
2 weeks or more under routine culture conditions. 

Several laboratory experiments were conducted with 
simultaneous cultures of house flies and stratiomyids in 
an effort to determine the effect of the associations on 
house fly breeding. The first of these was designed to test 
the hypothesis that cultures supporting heavy popula- 
tions of growing Hermetia illucens larvae will fail to 
produce house flies following exposure to gravid, adult, 
female house flies. 

Two 600-ml. beakers, each containing 300 ml. of 
dampened standard fly medium were exposed side by side 
for 3 days to the same population of adult house flies. 
One beaker contained 500 H. illucens larvae of mixed 
sizes. The beakers were removed from the house fly cage 
and held for 3 weeks at room temperature. No food was 
added subsequently to these cultures but it was necessary 
to moisten the medium occasionally with distilled water. 
Approximately 1,000 robust house fly adults emerged 
from the beaker containing no stratiomyid larvae. The 
other, which contained H. illucens larvae, produced no 
house flies. 

A variation of the above experiment was conducted in 
which a tablespoonful of fresh, standard larval medium 
was added to each culture every third day. During the 3- 
week observation period more than 500 house flies were 
produced in the control beaker, while only 9 were pro- 
duced from the beaker containing 7. illucens larvae. 

In order to determine more precisely the quantitative 
effect of increasing numbers of active /. illucens larvae 
of all ages upon M. domestica in simultaneous culture, the 
following experiment was conducted. Four finger bowls, 
each containing 100 ml. of moist, standard fly-breeding 
medium, were seeded with viable house fly eggs. Known 
numbers of H. illucens larvae were added to three of the 
bowls. The cultures were held at 27° C. The results of 
the test are given in table 1. The data demonstrate a very 
high degree of control obtained in each of the test cul- 
tures; in the culture containing only 200 stratiomyid 
larvae, however, a few house fly adults emerged, while no 
house fly larvae pupated in either of the cultures contain- 
ing greater numbers of stratiomyids. 

The objective of the following experiment was to test 
the possibility that old culture medium previously used 
by H. illucens larvae contains a substance which may 
materially decrease house fly breeding. Approximately 
2,000 house fly eggs were placed in each of three jars 
containing media as follows: (1) 2,000 ml. of moist stand- 
ard fly medium; (2) 1,000 ml. of moist standard fly 
medium and 1,000 ml. of old stratiomyid culture medium; 
(3) as in “2” but with the addition of 500 full grown larvae 
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iced Table 1.—Emergence and survival of Musca domestica in simultaneous cultures with Hermetia illucens larvae." 
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Hermetia illucens 
Initial Survival 
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Initial 
uite Number Final Number Number Final Number Emer- all 
em- — — —— gence Stages 
gish CULTURE Larvae Larvae Pupae Adults Eggs Larvae Pupae Adults (%) (%) 
ated Control 0 0 0 0 100 0 70 72.0 
ited A 200 60 138 1 200 0 7 7.0 
lace B 400 241 157 0 228 13 0 5.7 
ped, C 600 350 245 5 223 11 0 4.9 
sion 
for ® Each culture contained 100 ml. standard fly medium; duration of observations, 19 days. 
with of H. illucens. The adult house fly emergence from the October, but occasional adults were observed well into 
sin three jars was quantitatively similar, although emergence November 1957. They were absent from December 
Ss from the jar containing stratiomyids required 4 days through March, appearing first in small numbers at the 
test longer than from the other cultures. These data indicate end of April. Populations of adult flies increased grad- 
ula- that house flies were not appreciably harmed by sub- ually during the following months, reaching a peak dur- 
| to stances produced in the breeding substratum by H. ing August. In late August and early September they 
lult, illueens. Furthermore, larval M. domestica developed became so numerous on some farms as to constitute a 
normally, although slowly, in the presence of relatively nuisance, but since they rarely entered homes the an- 
of inactive, mature or nearly mature /H. illucens larvae. noyance was minimal. In mid-September the adult 
side The possibility that H. illucens larvae might be pre- population of soldier flies was somewhat reduced, with 
lies. dacious upon M. domestica was investigated briefly. activity most pronounced on hot days. 
ixed Larvae of both species held together in glass beakers Larvae of H. illucens were observed in poultry manure 
cage for several hours exhibited no predacious activity. Simi- throughout the year, but during the winter months 
we larly, known numbers of house fly larvae survived several growth and activity were greatly reduced. Although liv- 
sary days’ exposure with starved H. illucens larvae when held ing pupae were present during winter months, their 
ater. in test tubes containing only a small amount of standard emergence was apparently delayed until the advent of 
rged fly-breeding medium. warm, spring weather. Early instar larvae were very 
Phe Stratiomyid larvae were observed feeding on dead numerous during June, indicating earlier oviposition 
1 no house fly adults, as well as on presumably dead pupae. activity, but egg masses also were laid in nature during 
; Normally house fly larvae migrate out of moist culture subsequent warm weather. 
d m medium to pupate. In combined laboratory cultures of Heavy infestations of H. illucens larvae were most fre- 
lium both species, house fly pupae were frequently buried quently observed in relatively moist poultry droppings. 
1e 3- through action of the stratiomyid larvae. From 46 to 54% In such situations fresh droppings were worked into the 
were mortality of house fly pupae was recorded in a series of | mass of manure by the soldier fly larvae as fast as they 
pro- cultures in which known numbers of pupae were added _ were deposited during the warm season. The larvae usually 
to vigorous cultures of H. illucens larvae. occurred in an almost solid layer in the top 2 or 3 inches 
tive Mortality of house fly pupae in combined laboratory of manure, continually turning over the surface layer of 
vee cultures should not be interpreted as typical of that oc- droppings. In cold weather the droppings accumulated, 
, the curring under field conditions; on the other hand it is — relatively undisturbed by the inactive stratiomyids. 
wis, not of such magnitude as to account for the very high During the warm season Musca domestica very rarely 
ding degree of control of house fly breeding reported in the was found breeding in areas of poultry droppings where 
own foregoing joint culture experiments. H. illucens larvae were abundant. However, house fly 
i the FieLp OBSERVATIONS.—Natural infestations of poultry breeding was common on poultry farms where the dis- 
ts of manure with H. illucens were observed from October tribution of soldier fly larvae was uneven. The latter 
very 1957 through November 1958. The area selected for study migrated only slowly from foci of heavy infestation to 
cul- was the upper San Joaquin Valley of California, in the adjacent areas, and it was in such lightly infested sites 
nyid Modesto-Turlock vicinity. This is in a region of winter that house flies continued breeding. 
le me rains, and hot, dry summers. In the Modesto area where Although H. illucens larvae frequently were found 
tain- normal annual precipitation averages about 11 inches, breeding in semi-liquid manure, tremendous populations 
the 1957-58 season was marked by unusually heavy also were found in merely moist droppings. The effect of 
test rains, totaling almost 27 inches in the period from  H. illucens larvae upon the drying rate of poultry manure 
used October 1957, through September 1958. Most of the rain has not been determined. On the one hand they prevent 
may occurred from November through April, with none from — the buildup of manure cones under single or double bird 
ately June through August. The monthly mean of the daily cages, thus perhaps decreasing the evaporation rate; 
jars maximum temperatures dropped rapidly from 23° C. in on the other hand they continually agitate and perforate 
and- October to 11.7° C. in December. By April it had again poultry droppings, probably resulting in a drying effect. 
I fly risen to 23° C. In July through September 1958 the figure Observations on laboratory cultures of soldier flies in 
ium, Was continuously over 32° C. artificial medium containing approximately 50% water 
urvae Adult Hermetia illucens gradually disappeared during by weight, as described above, indicate that a loose, 
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friable surface layer develops, with the old medium 
forming a moist, semisolid substrate. 

Frevp Tests.—Experimental plots were established in 
early and late July 1958, to determine the effect of arti- 
ficial introduction of HH. illucens larvae on subsequent 
house fly breeding in poultry droppings. Additionally, 
information on the effect of moisture on soldier fly 
breeding was sought. 

Plots for experimental management studies consisted 
of alternate, 5- by 8-foot sections of manure under a 
double row of two-bird cages. Cages were protected from 
sun and rain by roofing, but walls were of the open type. 
House fly breeding occurred on the moist tips of manure 
cones in two adjacent poultry houses, and an almost pure 
culture of H. illucens flourished under a third house. The 
manure in the test plots was quite dry, since the housing 
was newly occupied and the warm, dry climatic condi- 
tions were adequate to dehydrate the fresh droppings as 
they accumulated. Consequently there was very little fly 
breeding in the test plots at the start of management 
procedures. 

Three plots were merely moistened to a mushy con- 
sistency by adding water. Three plots were treated simi- 
larly but with the addition to each of half a wheelbarrow- 
load of moist manure heavily infested with H. dlucens 
larvae. Two additional plots were left dry, but to each 
was added a similar load of H. illucens infested manure; 
the infested manure was covered with dry droppings on 
one plot but placed over the dry material on the other. 

The results are given in table 2. House fly breeding was 
immediate in plots treated only by moistening. Plots 
moistened and infested with H. illucens larvae exhibited 
no house fly breeding. H. illucens larvae became es- 
tablished in the relatively dry manure plots when arti- 
ficially introduced, but no house flies established breed- 
ing. Adult soldier flies were attracted to plots where 
freshly turned manure infested with their larvae was ex- 
posed. Oviposition by the soldier flies apparently oc- 
curred, since large numbers of newly emerged larvae 
were observed 3 weeks later in such manure while nearby 
droppings remained negative for the larvae. 
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Table 2.—Effects of management procedures on house fly breeding in poultry droppings.* 
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Since observations indicated that larval activity and 
population increase of H. illucens were somewhat in- 
hibited by increasingly dry conditions, an experiment 
was designed to determine the effect of adding moisture 
to relatively dry manure, moderately, but uniformly, in- 
fested with soldier fly larvae. A 30-square-foot plot of ma- 
nure selected for the experiment was shaded from all but 
the early morning sunlight. Except for a dry, hard, sur- 
face layer, the manure had been reduced to a rather 
loose, friable consistency by soldier fly larvae. At 1- and 
3-week observation periods following addition of water, 
the H. illucens larval activity was greatly increased, with 
thorough turnover of new droppings. Soldier fly larvae in 
adjacent areas of dry manure remained relatively quies- 
cent, although at moderately dense population levels, 
No house flies became established in either situation, al- 
though their larvae were common in moist droppings 
under an adjacent house. 

Discussion.—The evidence reported here is con- 
sidered as strong support for the hypothesis that Hermetia 
illucens may serve as a significant factor in the natural 
control of house fly breeding. Field observations on the 
beneficial effects produced by H. illucens were restricted 
to an area of high summer temperatures and low relative 
humidity, coupled with relatively mild winters. Scarcity 
of the stratiomyid in the more temperate coastal region of 
central California seems indicative of an environment un- 
suited for development of the dense larval populations 
required for effective control of house fly breeding. 

In the San Joaquin Valley of California, H. illucens 
larvae thrive in moist poultry droppings during the warm 
season under the conditions most favorable for an ex- 
plosive breeding rate of house flies. In the presence of a 
dense population of soldier fly larvae however, the more 
rapidly developing house fly larvae are unable to com- 
pete successfully, appearing to be starved out by the 
stratiomyids. There is no evidence that larvae of the 
latter are anything but scavengers. 

Where H. illucens larvae are present in large numbers 
in poultry droppings their effectiveness for control of 
house fly breeding may be enhanced by spreading manure 
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1 Abundant None 
Manure moistened Q Abundant None® 
3 Abundant None® 
Manure moistened; d None Abundant 
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introduced 6 None Abundant 
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containing the stratiomyids over droppings infested with 
house fly larvae. Where dry cones of droppings have 
developed, H. illucens is relatively ineffective in control- 
ling house fly breeding on the moist tips of the cones, 
hence manure cones should be removed or leveled before 
adding soldier fly larvae. An active, dense population of 
soldier flies will prevent further cone formation under 
wire-floored cages during the warm season. 

In a sense, the use of soldier flies in the natural control 
of house flies and related species may be considered as 
trading one pest for another. The nuisance value of H. 
illucens is minimized, however, through the fact that it is 
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a slowly maturing fly in all except very warm weather, 
hence the flies are present primarily as larvae for much of 
the year. Furthermore, the adult flies, which may be- 
come abundant for a short time in the summer, rarely 
enter houses. 
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The Use of the Plum Curculio in Toxicological Studies! 


E. H. Smiru and Bart J. Front, New York State Agricultural Experiment Station, Geneva 


ABSTRACT 


A method of insecticide evaluation using laboratory-reared 
plum curculio, Conotrachelus nenuphar (Hbst.), is reported. Test 
insects from the laboratory culture responded to the various 
treatments similarly to field-collected ovipositing beetles but dis- 
similar to nonovipositing beetles. 

The evaluation procedure was designed to disclose inherent 
toxicity and residual effectiveness under natural weathering 
conditions. Inherent toxicity was determined by topical applica- 
tion and by feeding. In the former, one microliter droplet of 
insecticide in acetone was applied to the dorsal thoracic area of 


test insects. Feeding tests were conducted by confining individual 
ovipositing beetles on treated immature apples. Results of feed- 
ing tests were based on reduction in feeding and oviposition as 
well as mortality. Residue tests were based on mortality of 
beetles caged on prune foliage collected from the field at intervals 
following spraying. 

Measurements of inherent toxicity can be conducted in the 
laboratory without regard to season. The evaluation procedure 
reported is useful in preliminary screening and in accounting for 
results under practical conditions. 





A method for continuous rearing of the plum curculio, 
Conotrachelus nenuphar (Hbst.), has previously been re- 
ported (Smith 1957b). The present paper describes a 
method for employing the laboratory-reared insects in 
toxicological studies and reports results with numerous 
insecticides. 

The procedure used to measure toxic action involved 
two phases. The first was a measure of inherent toxicity 
by both topical application and feeding. The second 
phase measured the toxic life of spray deposit under 
natural weathering conditions. The factors accounting 
for control under practical conditions, namely, inherent 
toxicity and residual persistence, are thus incorporated 
in the evaluation procedure. 

In order to relate experimental results using laboratory- 
reared insects to practical control it was necessary to 
compare the response of the laboratory strain with nat- 
urally occurring beetles. Parathion was selected as the 
standard insecticide for this comparison. Two classes 
of naturally occurring beetles in addition to the labora- 
tory strain were employed. The sources and charac- 
teristics of the three classes of insects are as follows: 

Laboratory Strain.—These are the progeny of the 
southern strain obtained in 1949 and reared continuously 
i the laboratory. This class is characterized by the ab- 
sence of reproductive diapause and higher rates of feeding 
and oviposition than naturally occurring beetles. 

Northern Hibernated Beetles.—These are collected lo- 
cally from unsprayed host trees in June. They are single 
brooded but oviposit following the termination of repro- 
ductive diapause by hibernation. 


Northern Unhibernated Beetles —These were reared in 
the laboratory from northern hibernated beetles and are 
comparable to the local “summer brood.” They are char- 
acterized by reproductive diapause and low rates of 
feeding. 

Further discussion of the characteristics of these 
classes is contained in the references cited. 

TopicaL TREATMENT.—Technical insecticide dis- 
solved in acetone was prepared in concentration series and 
a dosage of 1 microliter applied to the dorsal thoracic 
area of test insects. The micrometer syringe employed to 
deliver measured droplets was adapted from the model 
designed by Dutky (1942) (fig. 1). Fifty insects were 
generally treated at each concentration. It was not 
necessary to anaesthetize the insects before treatment al- 
though anaesthesia with carbon dioxide had no adverse 
effect. Following treatment, insects were caged on un- 
treated green apples and mortality counts made daily. 
Dosage-mortality curves were plotted using the metho1 
of Bliss (1935). Values were expressed as milligrams per 
gram of body weight. 

Before standardizing experimental procedure, tests 
were conducted to determine the influence of age, sex, 
strain, and site of treatment on susceptibility, using 
parathion as a standard. Droplets were applied to the 
head, thorax, and abdomen. The LDso value for treat- 
ments to the abdomen was about half the concentration 
required for treatment to the head and thorax. This is 
possibly due to greater penetration through the flooding 
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of spiracles and coverage of the thin body wall beneath 
“ the elytra. The dorsal area of the thorax was selected as 
, the site for routine treatment because of the ease in 
manipulating the insects and greater consistency in re- 







sults. 
LD; values for males and females of the laboratory 
and northern strains treated with parathion were as 
' follows: 













, LD50 

’ Class Sex Mg./GM. 
Northern hibernated Female 0.0071 
Northern unhibernated Female 0074 
Northern hibernated Male 0074 
Laboratory Female . 0066 
Laboratory Male 0067 






The variations shown are not significant. The values 
for different sexes are based on actual average weights 
rather than on assumed weight of 15 milligrams per insect 
as is routinely used. The average weights previously re- 
ported for laboratory males and females are 14.7 and 
15.4 mg. respectively (Smith 1957b). Differences in 
susceptibility between the various classes of females were 
not disclosed despite striking differences in behavior. 
This fact suggests that no physiological differences in 
susceptibility occur between the classes although be- 
havioristic differences, particularly feeding rate, might 
account for differences by other methods of testing. The 
‘ LDs5o value for beetles 2, 26, and 85 days of age were not 

significantly different. 
Based on these findings differences in age, sex, and 
: strain are not critical in topical application tests. How- 
4 ever, as an abundant supply of laboratory-reared insects 
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Dutky-Fest microsyringe used in topical treatments of the plum curculio with one 
microliter dosages of insecticide in acetone. 


of age have been used. The dosage-mortality curves for 
several insecticides by topical application are shown in 
figure 2. The most toxic of these was Guthion® (0,0- 
dimethyl S-(4-oxo-3H -1,2,3 -benzotriazine -3 - methyl) 
phosphorodithioate) followed by Phosdrin® (1-meth- 
oxycarbonyl-1-propen-2-yl dimethyl phosphate, 60% 
technical). DDT is not shown in figure 2 but was found to 
have an LDso of approximately 4.0 mg. Most of the ma- 
terials fall within the 10-fold dosage range of 0.001 to 
0.01 mg. This range is less than might be expected based 
on differences in control under practical conditions. 

Frepinc Trsts.—Females were confined individually 
under inverted jelly glasses supported on screen racks. 
A treated apple approximately 1 inch in diameter was 
exposed to each female for 1 day, after which, with the 
aid of a binocular microscope, it was removed and ex- 
amined for feeding punctures and eggs. In addition, daily 
counts also were made on mortality and tests terminated 
after 10 days. Twenty females were generally employed 
at each concentration. Counts were made for several days 
prior to treatment to establish the rate of feeding and 
oviposition, and in addition, counts on untreated insects 
were continued for the duration of the test. Apples were 
treated by spraying on a turntable to the point of run-off, 
using a DeVilbiss paint sprayer operated at 20 lbs. pres- 
sure. The toxicant was employed as formulated for com- 
mercial use, usually wettable powder, and concentration 
expressed as parts per million of toxicant in the spray 
mixture. 

The northern hibernated insects used in the compara- 
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has been available, mixed sexes between 3 and 6 weeks 
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Fig. 2.—Dosage-mortality curves for the toxicity of insecticides to the plum curculio by topical application. 


tive study were collected from host trees on June 4, 1957, 
when oviposition was near the peak. Sixty ovipositing 
females of each class were observed for 2 days prior to 
testing to establish rates of feeding and oviposition. 
Average oviposition rates (80° F.) were 10.4 and 9.8 eggs 
per female per day for the laboratory and northern fe- 
males, respectively. The record of mortality, feeding, and 
oviposition, and reduction over untreated insects is 
shown in table 1. The ratio of eggs to feeding punctures 
is also shown. 

The response of both classes of ovipositing females is 
essentially the same. At the lower dosages differences in 
mortality suggest that the field-collected females are 
slightly more susceptible, but precise LDs9 values cannot 
be deduced from these limited data. From a practical 
point of view the response of these two classes is suffi- 
ciently similar to permit valid comparisons. The results 
using nonovipositing females are strikingly different. 
The erratic results obtained with this group indicate that 
they were ill-suited to tests of this type. 

The data shown in table 1 might also be cited to illus- 
trate several generalities with respect to the toxicology of 
insecticides to the plum curculio. At concentrations well 
above the lethal threshold, mortality does not occur be- 
fore some injury by feeding and oviposition takes place. 
Thus, control expressed as per cent mortality is slightly 
higher than control expressed as reduction in feeding and 
oviposition. Among lethal dosages a quantitative rela- 
tionship exists between concentration and injury although 
the range is not great. Such injury occurs chiefly on the 
first day of exposure when feeding and oviposition are 
50% or more of normal. The ratio of eggs to feeding punc- 
tures is not greatly altered during the course of such tests. 

To further explore the relationship between concentra- 
tion of toxicant and injury before death, several insec- 
ticides were tested in concentration series ranging from 
that employed in practice to sublethal levels. These re- 
sults are presented in condensed form in table 2. The re- 
lationship cited earlier in the case of parathion is seen to 
apply to the other materials as well. In no instance did the 


concentration employed in practice entirely eliminate 
feeding and oviposition but the extent of injury at lethal 
levels was about equal for all materials tested. 

The reduction in injury reported in table 2 is accounted 
for by both death and subnormal activity of survivors. 
The rates of feeding and oviposition among survivors of 
several selected tests are shown in table 3. With all ma- 
terials, injury by survivors is less than normal but the 
reduction is not so great as with lead arsenate (Smith 
1957a). The feeding and oviposition response is essen- 
tially the same for survivors of both chlorinated hydro- 
carbons and organophosphates. However, precise com- 
parisons between materials in sublethal ranges are not 
readily made because of experimental difficulties. In any 
event, it seems likely that with synthetic organic insec- 
ticides sublethal effects do not become a maior factor in 
control under practical conditions. Thus, having once es- 
tablished the general relationship between lethal dosages 
and injury, mortality counts alone might be employed as 
the criteria of effectiveness, thereby reducing the time 
required for routine feeding tests. 

While such data as presented in table 2 are insufficient 
for the calculation of precise dosage-mortality curves, 
relative values may be interpolated by inspection. A 
summary of LD5o feeding values deduced in this manner, 
together with the ratio of this value to concentration 
recommended in practice, is given in table 4. This ratio 
is useful in comparing materials employed at different 
concentrations and it is also broadly indicative of the 
margin of loss permissible by weathering. This relation- 
ship is well illustrated in the case of Guthion and meth- 
oxychlor. The LDso values of these materials differ by 
50-fold but the less toxic material, methoxychlor, is em- 
ployed at 5 times the concentration of Guthion, thus re- 
ducing the difference in toxicity rating to 10-fold. 

For convenience, the concentration of toxicant em- 
ployed in feeding tests has been expressed as parts per 
million in the spray mixture. The use of this criterion in 
quantitative comparisons presupposes equal residual 
deposit by various materials at a given concentration. 
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Table 2.—The mortality and reduction in feeding and ovi- 
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Table 4.—Estimated LD,» values of insecticides to the 
plum curculio by feeding and ratio of LD; value to concen- 
tration employed in practice. 








CONCENTRATION 


EstTIMATED EMPLOYED IN. Ratio LD5o To 


LDso PRACTICE PRACTICAL 
MATERIAL (P.p.M.) (P.p.M.) CONCENTRATION 
Guthion 7 360 1:51 
G. C. 3661 10 600 1:60 
Dieldrin 18 300 1337 
Parathion 30 360 1:12 
Diazinon® 30 600 1:20 
Kepone 50 1,200 1:24 
Malathion 75 600 1:80 
Dipterex 150 3,600 1:24 
Heptachlor 200 600 1:30 
Methoxychlor 350 1,800 1:50 
DDT 750 1,200 1:20 
Sevin®> 90 1,200 1:13 





8 (,0-diethyl O-(2-isopropyl-4-methy]-6-pyrimidinyl) phosphorothioate. 
b 1-naphthyl-N-methy] carbamate. 


Only in the case of parathion was actual deposit deter- 
mined. These results are as follows: 


Concentration® in spray Deposit? /ug./100 em? 


(p.p.m.) 

100.0 75 
50.0 37 
25.0 17 
12.5 9 


* Toxicant formulated as 15% w.p. 
> Residue determinations made by A. W. Avens, New York State Agric. 
Expt. Sta., Geneva, 
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The expected relationship between concentration and 
deposit is seen to apply. It is likely that a similar rela- 
tionship applies for other materials as well but that vari- 
ous formulations deposit at different rates. In such an 
instance some error is likely involved in the use of con- 
centration as an indirect measure of deposit. Limited 
evidence based on residue studies under field conditions 
(Smith et al. 1956) suggests that the margin of error is not 
great. The LDso value for parathion by feeding is 27 mg. 
per 100 square centimeters based on the residue deter- 
mination presented above. This value is in essential 
agreement with the data just cited for parathion residues 
on prune foliage. 

ResipuaLt ErrectivENess.—A single spray applica- 
tion was made to prune trees in the conventional manner, 
and at intervals thereafter branches bearing fruits were 
brought to an insectary and placed under cylindrical 
screen cages (fig. 3.). The stems of branches were kept in 
water to prevent wilting. Branches collected early in 
the season before growth was completed remained in 
satisfactory condition for a week or more. Two or more 
replicates of 20 insects each were used for each test and 
mortality counts were made daily. The northern hiber- 
nated beetles used for comparison were collected from 
host trees during the last 10 days of June 1958 and were 
somewhat beyond the peak of oviposition. The time- 
mortality curves for the three classes of insects exposed 
to parathion residues are shown in figure 4. The 1-day-old 
residue resulted in complete kill with similar time- 
mortality curves. Thereafter, differences in the three 
classes were apparent. The response of the northern 





Fic. 3.—Method employed in evaluating the effectiveness of insecticide residues on prune foliage 
against the plum curculio. 
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Fic. 4.—Time-mortality curves for laboratory and naturally 


occurring plum curculio exposed to parathion residue on prune 
foliage. 


unhibernated beetles was strikingly different, showing 
very low mortality from 3-, 5-, and 7-day residues. The 
northern hibernated beetles responded similarly to the 
laboratory beetles although mortality was lower. These 
differences likely reflect the lower rate of feeding of the 
uthibernated beetles. Had the northern hibernated 
beetles been collected earlier their response would likely 
have been more like that of the laboratory beetles. Even 
so, it is apparent that the response of the two egg-laying 
classes is sufficiently similar to permit valid comparisons 
while unhibernated beetles are unsatisfactory for tests of 
this type. The results of tests with laboratory beetles and 
other insecticides are shown in figure 5. Striking differ- 
ences in various materials are observed. Some, such as 
Phosdrin, are characterized by high initial kill with little 
residual effectiveness. Others, such as DDT, are rela- 
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tively ineffective from the outset, suggesting low inherent 
toxicity. Materials such as Guthion and General Chemica] 
3661 (diethyl-1,3-di (carbomethoxy)-1-propen-2-yl-p|ios- 
phate) possess both rapid speed of action and residual 
effectiveness. Characteristic differences between chemical] 
groups are not disclosed although in general the thiophos- 
phates show greater speed of action and sharper break in 
effectiveness than chlorinated hydrocarbons. The effec. 
tiveness of some materials as established in practice is 
not readily apparent from these results. This is best illus. 
trated by methoxychlor, which appears to be slow in its 
toxic action. Few materials provide complete effective. 
ness for a period of 10 days, the normal interval between 
field applications in practice. 

By contrast with feeding tests some materials provide 
complete mortality before feeding or oviposition occurs, 
as disclosed by inspection of fruits on caged branches, 
Apparently lethal dosages are acquired by continuous 
contact with sprayed surfaces such as bark, leaves, and 
fruits. This difference could possibly be explained by 
the higher residue deposits on bark as compared with 
leaves and fruit, at least in the case of parathion (Smith 
& Avens (1954). In some cases the slope of time-mortality 
curves reveals the period in which lethal dosages are ac- 
quired without feeding. This is illustrated by Guthion 
residue at 1 and 3 days (fig. 5), which results in a very 
steep curve and no feeding injury. Thereafter mortality 
is associated with some feeding and the slope diminishes. 

Precise values for residual effectiveness cannot be es- 
tablished as can be done in feeding and topical applica- 
tion tests. In addition, the residue test is subject to nu- 
merous variables such as temperature, rain, wind, and 
sunlight, which are not common to the two tests con- 
ducted in the laboratory. 

Desirable features of the feeding and residual tests 
may be combined in still another test in which naturally 
weathered fruits are collected from the field at intervals 
and exposed to individual females in the laboratory. As 
these tests required the holding of fruits in the laboratory, 
apple was employed as the host fruit rather than prune 
because of its superior keeping qualities. Tests of this 
type were conducted with Wealthy apples, sprayed June 
27, 1957. Residual effectiveness was likely influenced by 
rainfall on June 29 and thereafter, but the data are useful 
for comparative purposes. The standard residual test 
(caged branches) was conducted concurrently with 
laboratory feeding tests and results are reported in table 5. 

In general, good agreement exists in time-mortality 
relationships for the two methods. The expected parallel 
between mortality and reduction in feeding also followed. 
It is likely that this modification of the feeding test would 
prove useful in assaying residual effectiveness under 
practical conditions. 

None of the tests conducted takes into consideration 
the possible influence of surface moisture in the form 
of dew and rain. In related studies with lead arsenate, 
imbibing of contaminated surface moisture was found to 
be an important factor (Smith 1954). 

A summary of results by the three types of tests is 
given in table 6. There is reasonable agreement betwee 
contact and feeding toxicity based on comparison with 
Guthion. This fact is not surprising, as both tests are 
measures of inherent toxicity aside from the matter of 
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Fic. 5..-Time-mortality curves showing residual effectiveness of insecticides to the plum curculio. 


penetration. Exceptions occurred in Dipterex® (0,0-di- ture of Dipterex has been previously cited by Fukuto 
methyl 2,2,2-trichloro-1-hydroxyethylphosphonate) and (Metcalf 1957). Several toxic materials lacked residual 
— (1,2,3,5,6,7,8,9,10,10,decachlorotetracyclo [5.2.1.0?° effectiveness. 

‘| decan-4-one), which are strikingly more toxic Discussion.—The toxicological features which ac- 
by ian than topically. Presumably these materials do count for effectiveness of insecticides in control of the 
not readily penetrate the body wall but exert toxicity plum curculio have been considered. These are inherent 
after gaining entry by way of the digestive tract. This fea- _ toxicity and residual effectiveness. The latter is essential 


Table 5.—Comparative effectiveness of insecticide residues to plum curculio caged on branches in the insectary (residue 
test) and fed on naturally weathered fruits in the Senay? 
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. ns secon 5 i Re nee Repwuc- 
AGE OF Per Cent Mortality After (Days) ‘Te Cent Mortality ania (ays) TION IN 
MATERIAL ReswUE  -—---——- -—- -—- - FrEpING> 

(2 Ls. W.P.) (Days) l 2. 3 4 5 6 7 1 2 3 ‘ 5 6 7 (%) 
Parathion (15%) 1 100 100 98 
3 5 10 6385 10) $5 55 — 30. «=50-—s«60 70 =680 - 90 61 
6 0 0 5 15 _ — — 0 oO 30 - - — 25 
Sevin (25%) 1 50 «65 85 95 — — — 50 = 70 80 - . - 86 
$ 10 20 45 60 80 — — 0 20 =—30 40 50) «660 70 34 
6 0 0 0 0 15 0 0 0 10 - 11 
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‘ ilthy apples treated June 27, 1957. 
. d on reduction over untreated females. Thirty females averaged 10.5 feeding punctures per day. 
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Table 6.—The toxicity and residual effectiveness of in- 
secticides to the plum curculio in relation to Guthion. 
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TOXICITY BY 


-— ——_—_—_-——-------———__ Fsri- 
Topical Application Feeding MATED 
——-———— ————_———— _ Resipuan 
LD 50 ~—— Ratio Ratio EFFeEc- 
(mg./ to LD 50 to TIVENESS 
MATERIAL gm.) Guthion (p.p.m.) Guthion (Days) 
Guthion 0.002 1:00 7 ake 10 
Phosdrin 0038 1:1.5 - l 
GC-3661 .004 1:2.0 1284 10 
Dieldrin .005 1:2.5 18 1:2.5 6 
Parathion .006 1:3 $0 1:4.3 3 
Malathion Oi 28 7% 1:30 Q 
Diazinon 01 1:5 30 1:4.3 3 
Sevin .06 1:30 90 1:13 5 
Methoxychlor 09 =1:45 350 1:50 5 
Dipterex . 26 1:130 150 1:21 5 
Kepone 6 1:300 50 1:7 7 
DDT 4.0 1:2,000 750 1:107 0 





because, in practice, control is obtained by maintaining 
effective residues during the several weeks of adult mi- 
gration to host trees. 

Inherent toxicity is revealed by feeding and topical 
application tests. The latter is not an infallible guide to 
toxicity as it likely reflects properties of penetration of 
the body wall as well as toxicity after gaining entry. 
Several materials were cited which showed relatively 
higher toxicity by feeding than by topical application. 
Toxic insecticides may or may not possess residual ef- 
fectiveness as the properties accounting for toxicity may 
be independent of those accounting for chemical stability 
required for residual effectiveness. 

Feeding and topical application tests that can be con- 
ducted without seasonal limitation provide a satisfactory 
basis for selecting materials worthy of further considera- 
tion in residue tests or field trials. 

With few exceptions the order of effectiveness estab- 
lished by these tests is in general agreement with field 
results. The marked effectiveness of materials such as 
dieldrin and Guthion was readily evidenced as was the 





ABSTRACT 


Diethyltoluamide labeled with C'* was applied to the skin of 
guinea pigs at 6.97-7.11 mg./sq. in. After 6 hours 0.96—0.98 
mg./sq. in. had been lost by evaporation and 1.32-3.40 mg./sq. 
in. by absorption. The remaining repellent was removed. The 
radioactivity in the urine reached a peak within 12 hours after 
application, and over 80% of the absorbed dose was excreted in 
24 hours; however, diethyltoluamide as such was not found in 
the urine. Only 0.75% of the absorbed dose was excreted in the 
feces during 8 days, whereas 93% appeared in the urine. Very 
small amounts of radioactivity were found in the blood, skin, 
and hair. 





Little information is available as to why certain com- 
pounds act as insect repellents, and why they are effective 


Fate of C¥-Diethyltoluamide Applied to Guinea Pigs! 


Criaupe H. Scumipt, Frep Acres, Jr., and Matcoim C. Bowman,? Entomology Research Division, Agric. Res. Serv., U.S.D.A. 
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ineffectiveness of DDT. In considering the usefulness of 
this procedure, it should be recognized that numerous 
insecticides selected for comparison are of the same gen- 
eral order of effectiveness and to select between them, as is 
attempted here, requires a more critical measure of ef- 
fectiveness than is usually sought in preliminary screening. 
More likely a new compound of unknown insecticidal 
activity would be compared with a standard to determine 
its promise for field testing. While field performance will 
remain the ultimate test, it becomes increasingly difficult 
to conduct such tests in the case of the plum curculio. 
Severe infestations required for thorough field evaluation 
are virtually nonexistent in commercial plantings, al- 
though the species remains a constant threat and requires 
control measures annually. Under such conditions in- 
creased reliance must be placed on other methods of 
evaluating insecticides. 
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for such short periods of time. In other words, what 
happens to a repellent after it has been applied to the 
skin? Answers to this question would go a long way to 
help in the search for better repellents, a search that has 
been mainly empirical. An attempt to elucidate the fate 
of repellents was undertaken at the Orlando, Florida, 
laboratory through the use of the C'-carboxy-labeled 
meta isomer® of diethyltoluamide (Green 1958), which 
possesses the highest repellent activity of the three 
isomers (Gilbert et al. 1957). The evaporation and ab- 






1 Accepted for publication April 8, 1959. ; 
2 Rouselle Sutton, Nelson Smith, and Richard Fye assisted in the exper! 
ments, 
3 Used by authorization of the U. S. Atomic Energy Commission. 
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sorption of this repellent were studied after application 
to the skin of guinea pigs. 

EXPERIMENTAL ProcepuREs.—To study the modes of 
loss of the repellent each guinea pig was kept in a metab- 
olism cage, which consisted of a glass funnel 30.5 cm. 
in diameter that contained a 1.3-cm. hardware-cloth 
screen placed 9 cm. below the top to serve as a platform 
for the animal. A fine-mesh screen was located in the 
neck of the funnel to collect the feces, and the urine was 
allowed to run down the sides of the funnel and collect 
in a graduated cylinder. 

The guinea pig was placed in the cage, and the dorsal 
surface was treated with C*-diethyltoluamide (12.13 
uc./gm.). One-tenth milliliter of a 50% solution of the 
repellent in ethanol was pipetted onto the shaved area 
and spread evenly with a glass rod. The repellent adher- 
ing to the rod was washed into a volumetric flask with 
ethanol, and a standard sample consisting of 0.1 ml. of 
the repellent solution was pipetted directly into another 
volumetric flask. After the guinea pig was treated, a 
stainless steel funnel was inverted over the cage and 
sealed in place with tape. The animal was not restrained 
on the hardware cloth because the treated area did not 
touch the sides of the chamber. The steel funnel was con- 
nected by a copper tube and rubber connections to two 
sets of three traps (gas-washing bottles) containing 
ethanol. The flow of air upward through the cage was 
maintained by suction at the rate of 26 liters per minute, 
and the volatilized diethyltoluamide was collected in the 
traps. Fresh ethanol was placed in the traps when neces- 
sary to maintain the desired volume. Air temperature was 
maintained at 28+1° C. 

After 6 hours the guinea pig was removed from the 
cage and the treated surface was rinsed with 500 ml. of 
ethanol. The animal was then anesthetized with ether, 
a sample of blood was taken from the foreleg, and two 
skin biopsies were made from the treated area. Additional 
biopsies and blood samples were taken at various in- 
tervals. The urine and fecal samples collected throughout 
the experiment were refrigerated until analyzed for 
radioactivity. 

The amounts of diethyltoluamide in the rinse and traps 
were determined by ultraviolet analysis (Schmidt et al. 
1958). The applied dose was calculated by subtracting 
the amount left on the glass rod from the standard sam- 
ple, and the repellent absorbed by subtracting that in 
the rinse and traps from the applied dose. 

Preliminary experiments had shown that it was im- 
possible to obtain quantitative oxidation of unlabeled 
diethyltoluamide by the wet-combustion micromethod of 
Peters & Gutmann (1953). The following modifications, 
which insured complete oxidation, yielded quantitative 
recoveries of C'-diethyltoluamide from samples of urine, 
blood, feces, and skin: Twice as much potassium iodate 
and potassium dichromate mixture as recommended by 
Peters and Gutmann were added to the combustion tube. 
Both the combustion and receiver tubes were cooled in 
an ice bath for 5 minutes before the Van Slyke-Folch 
reagent was slowly poured into the combustion tube. 
The system was slowly evacuated to a pressure of 20 mm. 
and isolated from the vacuum pump, the ice baths were 
removed, and then the reaction mixture was heated 
gently. After the initial reaction subsided, the mixture 


Table 1.—Evaporation and absorption of diethyltoluamide 
(mg./sq. in.) on five guinea pigs rinsed 6 hours after applica- 
tion. 








RECOVERED 


Pig APPLIED EvaAporATED IN RINSE’ ABSORBED? 





C4. Diethyltoluamide 
A 6.97 0.96 4.69 1.32 
B 7.11 .98 2.73 3.40 


Unlabeled diethyltoluamide 
C 14 .89 3.21 3.04 
D 21 1.02 3.98 1.21 
E .63 .90 3.09 2.62 





® Area treated, 7.5 sq. in. 
b Calculated by difference. 


was refluxed gently until effervescence ceased and only 
an occasional bubble arose in the receiver. The 24-hour 
urine samples and a similar sample from an untreated 
guinea pig were extracted three times with isooctane, 
and the ultraviolet spectra of the extracts were examined 
to ascertain whether any unchanged diethyltoluamide 
was present. 

Resutts AND Discussion.—The two guinea pigs that 
were treated with C'-diethyltoluamide weighed 985 and 
740 grams and the dosages were 0.65 and 0.87 uc./gm., 
respectively. Three other guinea pigs treated with un- 
labeled repellent served as checks. The amount of re- 
pellent applied was approximately 7 mg./sq. in., which 
is similar to that applied to human skin in practical use. 
The amounts evaporated, absorbed, and recovered in the 
rinses 6 hours after application are shown in table 1. The 
amount absorbed varied greatly from animal to animal, 
but the rate of evaporation remained almost constant. 

The radioactivity, expressed as microgram-equivalents 
of diethyltoluamide, that was found in the blood, skin, 
and hair is presented in table 2. The radioactivity dis- 
appeared from the skin rather rapidly; for example, in 
guinea pig B at 198 hours the skin had less than 1% of 
the radioactivity it contained immediately after it had 
been rinsed. The alcohol rinse presumably removed the 
repellent from the surface of the skin, since additional 
quantities of ethanol gave a negative test; however, radio- 
activity was detected by a GM tube held 1 inch from the 
rinsed surface. Immediately after the skin was rinsed, its 
activity was 3,100 c.p.m. After 72 hours the activity had 
decreased 50% and after 216 hours it was less than 10% 
of the 6-hour count. Some of this radioactivity was in 
the hair growing in the rinsed area. The hair from guinea 


Table 2.—The amount of radioactivity, expressed as ug.- 
equivalents of diethyltoluamide, found in blood, skin, and 
hair of two guinea pigs at various intervals after topical ap- 
plication. 





Per ML. or Per Ma. 
Hours Per Me. or Skin or Harr 
AFTER - - 

TREATMENT 


Pig B Pig B 


PigA Pi Pig A 


6 2.3 ° 2.8 2.39 
24-30 3 .76 0.95 
54+ 1d 
144-150 ; .03 
198 - .02 








930 


Table 3.—Radioactivity (ug.-equivalents of diethyl- 
toluamide per milliliter) and cumulative per cent of the 
absorbed dose found in the urine of two guinea pigs treated 
topically with C'-diethyltoluamide. 








Hours Pic A Pic B 
AFTER — — 
TREAT- Radio- Per Cent 

MENT activity Excreted 





Per Cent 
Excreted 


‘Radio- 


activity 





6.82 0.61 oo 
—— ‘ 0.13 
--- 563. 55.31 

21 58.81 —- 
80 81.66 364.50 83.91 
. 26 84.07 22.65 86.18 

.79 86.51 — -~ 
.90 89.00 26.50 89.92 
-- 18.44 90.50 

8.04 90.32 — 

7.38 91.20 9.78 92.61 
— — 5.86 93.01 
5.81 91.95 6.14 93.51 
2.08 92.31 3.66 93.91 
iB 92.55 0.82 94.17 
0 92.78 .83 94.40 
- .57 94.53 
.58 94.61 





pig B was shaved after 54 hours and analyzed. The hair 
probably picked up radioactivity from the diethyltolu- 
amide that had penetrated the hair follicles. 

The peak of radioactivity in the urine was reached 
within 12 hours after application. More than 80% of the 
absorbed dose was excreted in the urine within 24 hours 
and 89% within 48 hours (table 3). The ultraviolet 
absorption spectra of the isooctane extracts of urine did 
not reveal the presence of unchanged diethyltoluamide. 
This is in accordance with previous unreported findings 
with the unlabeled repellent applied to human subjects. 
The aqueous phase was tested for radioactivity after ex- 
traction and no decrease in the counting rate was noted, 
indicating that the diethyltoluamide had been metab- 
olized, probably in the liver, into compounds not soluble 
in isooctane. The urine was then acidified and extracted 
with isooctane, and again the activity remained in the 
aqueous phase. The acidified urine was then continuously 
extracted with diethyl ether, which removed most of the 
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Table 4.—Per cent distribution of the absorbed dose of 
diethyltoluamide in two guinea pigs. 








Pig A Pic B 
(Arrer 168 Hours) (Arrer 216 Hovns) 


MATERIAL 





Urine 92.78 94.6 
Feces 0.74 0.75 
Skin 1.38 
Hair -- 

Total 94.90 





activity from the aqueous phase. Efforts are now being 

made to identify the metabolites. 

Only small amounts of radioactivy appeared in the 
feces. The feces of guinea pig B contained a total activity 
which was about 2.45 times that of guinea pig A; however, 
guinea pig B absorbed 2.53 times the radioactivity of A 
(25.48 mg. vs. 9.92 mg.). The radioactivity per gram of 
feces was much higher in the second animal because the 
total amount of feces produced was much smaller. 

About 95% of the absorbed dose was recovered from 
each of the treated guinea pigs (table 4). The skin of 
guinea pig A showed a greater recovery because larger 
skin biopsies were taken. Much smaller samples were 
taken from guinea pig B because of improved biopsy 
techniques; however, when the radioactivity of the 
skin from the two animals was compared, as is shown in 
table 2, the results were almost identical. 

The over-all recoveries of the applied dose for the two 
guinea pigs were 99.0% and 98.1%, including the 
amounts that had evaporated and those found in the 
ethanol rinses. 
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Inheritance of DD'T-Dehydrochlorinase in the House Fly! 


J. Byron Lovet? and C. W. Kearns, University of Illinois, Urbana 


ABSTRACT 


A modification of a method devised by Sternburg e¢ al. (1954 
Jour. Agric. and Food Chem. 1,125-30) made it possible to assay 
the DDT-dehydrochlorinase (DDT’ase) in individual flies of 
a population of DDT-resistant (R) house flies, Musca domestica 
L. By this means it was possible to obtain a measure of the vari- 
ability of this enzyme in a population. It was also possible to 
relate the concentration of DDT’ase in parents with that found 
in the offspring. Regardless of the enzyme activity of the indi- 
vidual parents, that of the progeny appeared to drift toward a 
mean value. 

Flies selected for resistance to DDT alone have considerably 
ess DDT’ase than after being selected for resistance to a com- 


bination of DDT and DMC (bis-(p-chlorophenyl) methyl car- 
binol). A strain of flies selected for resistance to combination 
(DMC-R strain) was used to cross, inbreed and backcross with 
susceptible flies to determine the inheritance pattern of DDT’ase 
and its relationship to resistance. By this means a quantitative 
relationship between presence of DDT’ase and resistance to 
DDT has been established. Furthermore, the pattern of inheri- 
tance of resistance and DDT’ase activity shows no serious dis- 
crepancy with the proposal of Milani (1956, Riv. Parassitol., 17: 
223-46), that resistance to DDT may be governed by a single 
partially dominant gene which behaves according to simple 
Mendelian principles. 





Sternburg et al. (1954) have reported that various 
strains of house flies, Musca domestica L. which are resist- 
ant (R) to DDT contain an amount of the enzyme DDT- 
dehydrochlorinase (DDT’ase) corresponding to the level 
of resistance of the strain to DDT. The development of a 
method (Lovell 1955) to assay the enzyme in a single R 
fly suggested that a more precise evaluation could be 
made of the relationship between these factors. If the 
enzyme DDT"ase is the principal mechanism causing re- 
sistance, it should quantitatively follow the pattern of 
resistance measured in the progeny of R-parents and 
crosses, inbreds and back crosses with susceptible (S) 
flies. The results of such a study might provide additional 
information concerning the genetic aspects of resistance 
which now can only be inferred from dosage-mortality 
data. 

MaTeRIALS AND Metnops.—As they emerged, the 
adults of a DDT-R strain of flies were confined to cages 
treated with 200 gm. of DDT per m?*. The progeny of the 
survivors of such exposure were treated in the same 
manner. This procedure was continued through four 
generations when it became evident that no significant 
numbers of flies were dying during the normal life span 
of the adult because of intoxication from continuous ex- 
posure to DDT. The next generation of adults of this 
strain was used for the assay of DDT’ase concentration 
in the individuals of a sample of the population. This 
strain is referred to as the R-strain. 

The R-strain was subcultured and succeeding genera- 
tions of adults were subjected to gradually increasing 
quantities of equal proportions of DDT and DMC (bis 
(p-chlorophenyl) methyl carbinol) applied to the cages in 
which the adults were confined. Approximately 90% of 
the first generation of flies exposed in a cage treated with 
2 gm. of the mixture per m.? died before they could repro- 
duce. By gradually increasing the selection pressure on 
successive generations, approximately 90% of the 17th 
generation could survive and reproduce in a cage treated 
with 300 gm. of the mixture per m®. This strain was desig- 
nated as DMC-R strain. 

Dosage-mortality data were obtained by the topical 
treatment of the mesonotum of female flies with graded 
doses of DDT or 1:1 mixture of DDT and DMC in solu- 
tion in 95% ethanol or 1:9 mixtures of acetone and 
ethanol. Ethanol was used for treatments where doses of 


20 ug. or less were required and acetone-ethanol for 
higher doses. The volume of solutions applied varied from 
1.3 to 2.6 ul per fly. A group of 25 flies was used for each 
dosage and the treatments were applied while the flies 
were under light anesthesia with CO,. After treatment 
the flies were transferred to screen-covered pint jars. A 
sugar solution was provided for food and the mortality 
was determined 24 hours later. 

The method of Sternburg ‘et al. (1954) was used to 
measure the DDT’ase activity of homogenates consisting 
of large numbers of flies. The actual enzyme concentra- 
tion in such cases was determined from aliquots of the 
homogenates which were the equivalent of six flies in a 
reaction mixture of a final volume of 3 ml. Individual 
flies were prepared for the assay of DDT’ase by grinding 
each fly in 1 ml. of glass distilled water for 1 minute at 
3° C. in a glass homogenizer. The homogenate was then 
poured into a vial, stoppered, quickly frozen and stored 
at —17° C. until ready for enzyme assay. 

The method of Sternburg et al. (1954) was modified 
to increase its sensitivity to a point where by trial it was 
shown that significant enzyme activity could be deter- 
mined for each individual of a sample of flies taken at 
random from an R-population. The modification 
amounted simply to a proportionate reduction in sub- 
strate, cofactor and volume of the reaction mixture. Thus 
300 mg. of glass beads* were placed upon the bottom of a 
15 ml., single side arm Warburg flask and covered with 1 
ml. of acetone containing 1 mg. of DDT. The acetone 
was evaporated in an air stream, and 0.5 ml. of 0.137 M 
phosphate buffer containing 0.009 M glutathione was 
added to the side arm of the flask. The homogenate of a 
single fly was then added to the main chamber, the flask 
attached to a Warburg manometer, and the contents 
equilibrated to a temperature of 37° C. under an at- 
mosphere of N» for 15 minutes. At this time the contents 
of the side arm were tipped into the homogenate and the 
reaction was allowed to continue for 2 hours while the 
vessel was shaken at a rate sufficient to keep the mixture 
in suspension. The flask was then removed from the 
manometer and the reaction stopped by the addition 

1 The authors acknowledge support of this work by the Rockefeller Founda- 
tion. Accepted for publication April 3, 1959. 

2 Present address: The American Cyanamid Company, Stamford, Connecti- 


cut. 
3 Minnesota Mining and Manufacturing Co., Minneapolis, Minnesota. 
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of 1.5 ml. of H,SO,. The mouth of the flask was degreased 
by wiping it with a cleansing tissue moistened with 
cyclohexane. When the contents of the flask had cooled to 
room temperature, 8 ml. of cyclohexane was added. The 
flask was then closed with a ground glass stopper which 
was lubricated with syrupy phosphoric acid. The flask 
and its contents were then shaken for 2 hours at the 
maximum speed of a Burrel wrist-action shaker. After 
shaking, the cyclohexane layer was allowed to separate 
and an aliquot was taken from it for the determination of 
DDT and DDE (2, 2-bis(p-chloropheny])1,1-dichlor- 
ethylene), as described by Sternburg et al. (1954). 

The relationship of DDT’ase activity in the progeny 
to that of the parents was tested by the mating of ran- 
domly selected pairs from the R strain. A large number of 
flies were paired, but only a small percentage mated and 
produced offspring. Pairs which produced progeny were 
assayed for DDT’ ase and compared with their progeny. 

Reciprocal crosses made from 100 randomly selected 
flies of each sex from the DMC-R and §S strain provided 
F, generations sufficiently populous to furnish 50 flies 
of each sex for individual enzyme assay, adequate num- 
bers of females to measure their response to graded doses 
of DDT, 100 flies of each sex for inbreeding, and the 
same number of each sex to backcross with the S strain. 
The F, generations and backcrosses to the S strain were 
carried out in the same manner, and they also provided 
sufficient numbers of offspring to complete enzyme assays 
upon 50 flies of each sex and sufficient numbers of females 
to obtain dosage-mortality data on a representative 
sample of the generation. 

Resutts anp Discussion.—DDT'ase in R-strain. 
Adults in a random sample of the R-strain, which con- 
sisted of 50 flies of each sex, were assayed individually for 
DDT’ase. All the flies were found to contain a measure- 
able amount of the enzyme. The range of enzyme ac- 
tivity in the sample of the population was found to vary 
by a factor of about 14. These data, which are plotted as a 
frequency distribution curve (fig. 1), show that a small 
percentage of the flies possess an amount of enzyme 
much in excess of the mean, thus giving a decided skew- 
ness to the curve. The departure of the curve from the 
normal indicated variability beyond that expected from 
a homogeneous population. 

This deviation may be accounted for partially by the 
fact that approximately 20% of the population are less 
tolerant than the remainder of the population (fig. 2, R). 
The distribution also reflects an error of unknown magni- 
tude connected with the preparation and assay of the 
enzyme in a single fly. 

The observed wide variation of DDT’ase activity in 
individuals of the R-strain raised a question concerning 
the influence of parental enzyme concentration upon that 
of the offspring. Randomly selected pairs resulted in the 
production of progeny from parents having varying 
levels of DDT’ase activity (table 1). In general the level 
of enzyme concentration in the offspring appeared to 
drift toward a mean regardless of the enzyme concentra- 
tion in the parents. No quantitative difference in the 
enzyme activity appears in the offspring which can be re- 
lated to a quantitative difference in one or the other of 


the parent sexes. 
Selection with mixtures of DDT and DMC.—Moorefield 
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Fig. 1.—The distribution of DDT’ase as obtained from the 
measurement of the enzyme content in individuals from a 
randomly selected sample of 100 flies from the DDT-R strain, 
The sample consisted of equal numbers of each sex, and the in- 
cubation period was 2 hours. The respective points represent the 
average concentration of enzyme for increments of 10 ug. of DDE. 


& Kearns (1955) showed that a strain of flies resistant to 
a combination of DDT and the so-called synergist DMC, 
possessed considerably more DDT’ase than a DDT-R 
strain, selected for resistance to DDT alone. Since ex- 
periments had been planned for the study of the in- 
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Fic. 2.—Change in dosage-mortality response resulting from the 
selection of successive generations of the R-strain with a combi- 
nation of DDT and DMC. The dosage response indicated for 
the R* strain was obtained from treatment with DDT alone. 
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Table 1.—DDT-dehydrochlorinase activity in homoge- 
nates of each parent and a mass homogenate of their 
progeny." 

ua. oF DDE Propucep per Fiy 

IN 2 Hours 











Parents 


— RANGE OF ENZYMATIC 
Male Female Average Progeny Activity iN PARENTS 





14. 15. 14. 
ll. 53. 32. 
38. yi 54. 
$7. 31. 34. 
36. 33. 34. 
97. 47. 37 
44. 39. 41 
37. 47. 42, 
58. 48. 53. 
51. 63. 57 
73. 36. 54 
67. 83. 75 
101. 94.0 97. 


43. low 
44. low male, medium female 
low male, high female 
medium 
medium 
medium 
medium 
medium 
medium 
medium 
high male, low female 
; high 
73. high 


Coacn 


MOoONoOSouUON 





® The parents were randomly selected from the DDT-R strain of house flies. 


heritance of DDT’ase, based upon assays of individual 
flies, it seemed desirable to increase the enzyme concen- 
tration in the DDT-R strain by selecting it through a 
number of generations with a combination of DDT and 
DMC. It was assumed that if this could be accomplished, 
it would reduce the possibility of being unable to detect 
DDT’ase in the progeny of various crosses. 

The selection process was carried out through 17 con- 
secutive generations, when it became apparent that 15 
to 35% of the population would die from small or maxi- 
mal dosages of the combination of DDT and DMC. It 
was indicated that continued selection by this method 
should not be expected to produce any marked change in 
the dosage-mortality response (fig. 2, DMC-12, DMC-17). 

The log dosage-probit lines drawn in figure 2 are only 
al approximation of the dosage-mortality response. They 
represent the best visible fit to data that in general 
indicate a high degree of heterogeneity in the population. 
However, the progressive trend toward the development 
of resistance to the combination of DDT and DMC is 
evident. 

During the selection process, most of the first eight 
generations and the 17th were assayed for DDT’ase. 
The enzyme concentration increased progressively as 
shown in table 2. These findings support the assumption 
of Moorefield & Kearns (1955) that strains of flies resist- 
ant to the combination of synergist and DDT may be- 
come tolerant to the combination because of the posses- 
sion of a greater amount of DDT’ase than a strain se- 
lected with DDT alone. 

Inheritance of DDT’ ase.—Fifty males and fifty females 
of the DMC-R strain, sampled at random, were assayed 
individually for DDT’ase. All but two flies proved to 
have a measurable amount of the enzyme. The average 
amount of enzyme per fly, in terms of ug. of DDT con- 
verted to DDE during a 2-hour incubation period, was 
53 and 55 wg. for males and females, respectively. The 
average of 54 ug. per fly was taken as a value of 100% for 
comparison with the DDT’ase activity in the progency 
of various crosses, as indicated in figure 3. 
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Table 2.—Increase in DDT’ase activity of the DDT-R 
strain through successive generations by exposure to cages 
treated with increasing amounts of DDT and DMC in equal 
mixture. 








Mass HoMoGENATES 
ua. DDE Propucep 
PER 6 Fiies PER 2 Hours 


STRAIN AND GENERATION 





DMC-1 
DMC-4 
DMC-6 
DMC-8 
DMC-17 





Reciprocal crosses of DMC-RXS flies produced F, 
generations that were assayed for DDT’ase in the pre- 
viously described manner. Since no significant difference 
in DDT’ase appeared, the values obtained were averaged 
for the two groups and sexes. It will be noted that 96% of 
all flies had demonstrable quantities of DDT’ase, but the 
average enzyme activity per fly was approximately 50% 
of that of the resistant parents. Dosage-mortality data 
obtained from females of each F, generation indicated 
the absence of flies which could be considered susceptible 
in terms of the susceptible parents (fig. 4, G, H and §). 
Since 70 to 80% of the flies could be killed in varying 
proportions from doses ranging from 2.5 to 50 ug. of DDT 
per fly, this portion of the population could not be classed 
as resistant in terms of the R parents, most of which 
tolerate more than 50 ug. per fly. 

It can be concluded that the DMC-RXS crosses re- 
sult in progeny with approximately one-half the DDT’ ase 
activity of the DMC-R-parents and a degree of resistance 
considerably less than the DMC-R-parents. The de- 
crease in resistance in the F; can only be estimated ap- 
proximately because it is not possible to apply sufficient 
DDT to kill the DMC-R-parents. 

Both F, generations were sufficiently similar in respect 
to the percentages having DD'T’ase and the amount of 
the enzyme per fly to be averaged. These values are shown 
in figure 4+. In contrast to the DMC-R and F; parents, 
where nearly 100% of the flies could be shown to possess 
DDT’ ase, approximately 35% of this generation lacked a 
measurable quantity of this enzyme. If the presence of 
DDT"'ase is highly correlated with resistance, then these 
data would suggest that a segregation of the population 
into R and S individuals had occurred in this generation. 
Dosage mortality data (fig. 4, E and F) show that ap- 
proximately 20% of the population are susceptible to 
dosages of 1 ug. of DDT per fly or less. Based upon the 
percentages of flies having DDT’ase, it would be pre- 
dicted that 35% of the population should be susceptible 
to DDT. This discrepancy may be significant or just the 
result of a sampling error. However, limitations imposed 
by the time consumed in making enzyme assays and the 
numbers of flies required to complete the whole experi- 
ment precluded the possibility of a test designed to 
clarify this point. 

The progeny of four different backcrosses of the F, to 
susceptible flies were assayed for DDT’ase and their re- 
sponse to DDT as shown in figures 3 and 4. The numbers 
of flies having DDT’ase varied from 50 to 68% and the 
amount of enzyme contained in the flies varied from 42 
to 60% of that contained by the DMC-R parents. The 
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Table 3.—A comparison of results obtained with those expected assuming the factor for DDT resistance is controlled by a 
single partially dominant gene which governs DDT’ase activity and follows a simple Mendelian principle. 
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AssUMED RaTIO AND 
GENETIC MAKE-UP 


AssUMED GE- or PROGENY 


Per Cent oF F.iies 
with DDT’ ase 


Per Cent or DDT’ ase 
RELATIVE TO THE 
DMC-R Parents 


Per Cent or Fires 
SuscepTiBLe To DDT 








netic MAKE-UP ——-— 





or Cross 1:2:1 Actual Theoretical Actual Theoretical Actual Theoretical 
RRX RR RR 98 100 100 100 0 0 
RRXSS RS 96 100 52 50 4 0 
RSX RS RR RS Ss 63 15 55 67 20 25 
(Ro) 2 XSSc RS SS 69 50 45 50 43 50 
(S?) 
(RQ) 2 XSSa RS SS 58 50 42 50 42 50 
(So") 
(RO) SSE RS ss 55 50 60 50 43 50 
(So) 
(RP) XSS RS Ss 50 50 60 50 34 50 
(So") 





percentage of flies from each group which could be con- 
sidered susceptible to DDT varied from 34 to 44%. These 
values are close to those expected if the susceptible flies 
are considered to be represented by that fraction of the 
population having no measurable amount of DDT’ase 
and being susceptible to a dosage of 1 wg. or less of DDT 
per fly. There is no question but that a clear-cut segrega- 
tion occurred, which resulted in flies having DDT’ase, 
lacking DDT’ase, and flies resistant or susceptible to 
DDT. 

Milani (1956) has proposed that DDT-resistance in the 
house fly may be controlled by a single gene, which is 
partially dominant for the characteristic. It seemed de- 
sirable, therefore, to test our data upon enzyme activity 
and susceptibility to DDT in the framework of this sim- 
ple Mendelian principle. Experimentally it has been 
shown that essentially all of the individuals of the DMC- 
R strain were resistant to DDT and contained a meas- 
urable amount of DDT’ase. Each individual fly in the F; 
generation from crosses between DMC-R and § flies also 
had measurable quantities of DDT’ase, amounting as an 
average to one-half that of the DMC-R parents. They 
were also resistant to DDT, but at a lower order than 
that of the DMC-R parents. Based upon these facts, 
actual findings can be compared with those expected 
from a genetic relationship as proposed by Milani (ta- 
ble 3). 

That a clear genetic relationship exists between 
DDT’ase and resistance is evident. Furthermore, the 
data show no serious discrepancy from the pattern of in- 


heritance of resistance as proposed by Milani. It is not 
intended that these results should be interpreted as evi- 
dence for the pattern of inheritance of resistance for all 
DDT-R strains. 

Lichtwardt et al. (1955) refer to an inbred resistant 
strain (I[R-1) having a single autosomal dominant gene 
for high tolerance to DDT. Sternburg (1955), however, 
assayed the homozygous parents of this strain and the F; 
from a cross with an S-strain for DDT-ase and found the 
F, generation to have approximately one-half the amount 
of enzyme determined for the resistant parents. It seems 
possible that intermediate levels of resistance may exist 
as heterozygotes, but are difficult, or perhaps in some 
cases impossible, to distinguish, in terms of dosage re- 
sponse, from parents homozygous for resistance. 
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Spider Mites on Walnut in Northern California’ 


A. E. Micne.sacuer,’ University of California, Berkeley 


ABSTRACT 


The problem of spider mites on walnut has become more acute 
since the advent of DDT and other newer organic insecticides. 
With DDT the increase in the spider mite population mounts 
as the dosage is increased. 

The principal species of spider mites involved are the Pacific 
spider mite (Tetranychus pacificus McG.), two-spotted spider 
mite (7’. telarius (L.)), and the European red mite, Panonychus 
ulmi (Koch). 

Induced increases in spider mites involve other factors in addi- 
tion to interference of insecticides with natural enemies. These 
factors may exert their influence either upon the spider mite or 
through the host. 

Populations of the Pacific spider mite and the two-spotted 
spider mite, but not the European red mite, have been suppressed 
where schradan has been used to control the walnut aphid. With 
the European red mite schradan induces an increase in the popu- 
lation. In the hot interior San Joaquin Valley, which has a 


climate less favorable for European red mite than the more 
coastal regions, natural enemies usually control the pest before 
it has had opportunity to do serious damage. In the cooler 
regions natural enemies may fail to be effective and acaracides 
may be required. 

Walnut can tolerate a relatively large spider mite population, 
This tolerance allows sufficient time to determine whether 
natural enemies will have an opportunity to control the pest. 
Natural enemies frequently reduce the spider mite to a sub- 
economic level even though spider-mite-inducing materials such 
as DDT or Sevin® (1-naphthyl-N-methyl carbamate) are used, 

Control of spider mites has been complicated by the problem 
of resistance. A more effective acaricide may become a spider- 
mite-inducing agent once the pest develops resistance to it. Of 
the newer acaricides tested the most effective were Tedion® 
(2,4,4’,5-tetrachlorodiphenyl sulfone, 80% technical) and 
Kelthane® (1,1-bis(p-chlorophenyl)-2,2,2-trichloroethanol). 





Spider mites have long been known as a pest of English 
or Persian walnut. DeOng (1918) reported their seriously 
attacking this crop. Since then numerous papers have 
appeared reporting injury by spider mites. General and 
widespread attacks were apparently uncommon, and as 
late as 1945 Batchelor et al. (1945) stated that spider 
mites are sporadic in occurrence but usually not a wide- 


spread pest of walnut. 

PossisLE Causes or Sprper Mite Increase.—The 
mite problem has become increasingly acute with the 
advent of DDT and related insecticides (Michelbacher 
et al. 1946). Michelbacher & Middlekauff (1949) ob- 
served that the seriousness of the problem mounted as 
the amount of DDT used to control the codling moth, 
(Carpocapsa pomonella (L.)) was increased. For this reason 
low dosages of DDT were recommended (Michelbacher 
& Bacon 1952). The threat of a serious increase in the 
spider mite population was greatly reduced but not en- 
tirely eliminated when the actual amount of DDT per 100 
gallons of spray was 0.5 pound. Many factors other than 
insecticides may be responsible for an increase in the 
spider mite population, and Middlekauff & Michelbacher 
(1951) noted that when natural conditions favor the 
spider mite, heavy populations may develop in orchards 
that have received no application of insecticides of any 
kind. In such situations it is difficult to determine what 
part, if any, insecticides may have played in increasing 
the spider mite population. Although this population 
increase in untreated orchards sometimes occurs, abun- 
dant evidence exists that links certain treatments with 
induced increase in the spider mite population (Flesch- 
ner 1959). In some cases the increase may be due to 
interference with natural enemies, but other factors are 
also involved. As an example, Davis (1952) observed that 
DDT may cause a dispersion of mites, resulting in a 
higher reproductive potential and hence a more rapid in- 
crease in the population. Fleschner (1952), who conducted 
investigations on the citrus red mite, (Panonychus citri 
(McG.)) reported indications that deposits of field dust 
and DDT spray materials lowered the host-plant resist- 


ance to mite attack through certain physical properties 
of these materials. Further, he noted that DDT sprays 
apparently produced some change within citrus leaves 
that also resulted in a lowering of the host-plant resist- 
ance sometime after the application was made. Increase 
in spider mite damage has often been associated with dry- 
ness and dusty conditions. McGregor (1949) reported 
that most species of spider mites thrive under relatively 
high temperatures and a minimum of rainfall. He also 
noted that the heaviest infestations occurred normally 
during July and August. 

In the case of walnut, insecticides other than DDT 
have been responsible for induced increase in the spider 
mite population. In this regard, the action of schradan 
has been most interesting. Michelbacher & Oatman 
(1955) reported the material was effective against the 
Pacific spider mite (Tetranychus pacificus McG.) but not 
the European red mite (Panonychus ulmi (IKoch)). Later 
Michelbacher & Hitchcock (1958) stated that schradan 
gave effective suppression of the Pacific spider mite and 
the two-spotted spider mite (Tetranychus telarius (L.)) 
but not the European red mite, at all dosages that were 
effective against the walnut aphid, Chromaphis juglandi- 
cola (Kalt.). Where the dosage of schradan approached 3 
pounds or more per acre, however, it tended to hold the 
European red mite in check (Michelbacher 1956b). The 
tendency of schradan to induce an increase in European 
red mite population has been observed wherever it has 
been applied on walnuts in northern California, but the 
problem resulting from its use has shown considerable 
variation in the different areas where it has been applied. 
At Linden, which is located in the hot San Joaquin Valley, 
the population of the European red mite has not reached 
a destructive level following treatments of schradan. In 


1 Accepted for publication April 6, 1959. 

2 Appreciation is expressed to C. C. Anderson, Ralph Bishop, H. E. Minahan, 
Wayne Haas, and the several growers for their excellent cooperation in the com 
duct of these investigations; to the firms that furnished insecticides and other 
assistance, and to Fred Charles, Milton Bell, Donald Burdick, Marius Was- 
bauer, C. Q. Gonzales, Stephen Hitchcock, and L. B. MeNelly for field and 
laboratory help. 
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this area natural enemies tend to suppress the mite popu- 
lation before actual damage occurs. At San Jose, which 
is located at the south end of San Francisco Bay and has 
a cooler climate, the situation is different from that en- 
countered at Linden. Here, in spite of considerable action 
by natural enemies, the European red mite population 
usually increases to a very high level where schradan is 
applied. Often it is necessary to apply a treatment to 
control the mite. At Walnut Creek, which has a climate 
similar to San Jose, the European red mite population 
tends to increase to a high| evel where schradan is used, 
but in most cases it has been reduced to a nondestructive 
level by an increase in natural enemies. 

The difference encountered in the destructiveness of 
the European red mite in northern California following 
applications of schradan may be associated with climate. 
Ortega (1953), who conducted investigations in southern 
California, reported that in the warmer interior areas the 
two-spotted spider mite and closely related species sup- 
plant the European red mite as the primary mite pest of 
walnut. Therefore, under the hot conditions of the San 
Joaquin Valley it is possible that the European red mite 
may not thrive to the same extent as it does in the cooler 
regions, and as a result it is more easily subjected to con- 
trol by natural enemies. However, it should be pointed 
out that schradan treatments have been responsible for 
the development of destructive populations of the Euro- 
pean red mite in the interior Sacramento Valley, which 
has a climate similar to that found in the San Joaquin 
Valley. 

NaturaL Enemy—Host Rewationsuips.—Walnut is 
fairly tolerant to spider mites. A rather large population 
is required before damage of economic proportions results. 
This is a fortunate situation, for it allows sufficient time 
to determine adequately whether or not natural enemies 
will effectively control the pest. Although no exact studies 
have been made, the natural enemy-host relationship has 
been followed on many occasions. These researches have 
demonstrated the importance of such enemies in check- 
ing damage by spider mites. Often a rapid increase in the 
spider mite population has been followed closely by a suf- 
ficient increase in natural enemies to control the pest. In 
some cases natural enemies failed to accomplish this and 
in others they secured control just prior to the appearance 
of economic damage. In some instances several weeks 
elapsed before the outcome could be definitely deter- 
mined. Of the natural enemies, lady bird beetles of the 
genus Stethorus appear to be the most important. Other 
effective predators are mites of the genus Typhlodromus, 
anthocorid bugs, the green lacewing, and the six-spotted 
thrips, Scolothrips sexmaculatus Perg. 

Because of the rapidity with which spider mites develop 
resistance to acaricides, the beneficial actions of natural 
enemies should be utilized to the fullest extent. Frequent 
and unnecessary treatments add to the problem. Diffi- 
culties increase as the pest develops resistance to more 
and more materials. In part, and with some materials, 
this resistance results from the once effective acaricides’ 
actually acting as a mite-inducing agent. For example, 
Ortega (1956) reported demeton as giving excellent con- 
trol of spider mites on walnut in southern California and 
similar results were experienced by Michelbacher (1956b) 
in northern California. Later, however, Michelbacher & 
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Burdick (1958) not only observed the European red mite 
showing resistance to demeton in the San Jose region, 
but noted that the problem was increased where that in- 
secticide was used. 

TREATMENTS AGAINST PrincipaAL SpipeR Mires.— 
The three principal species of spider mites that are 
troublesome in northern California are the Pacific mite, 
the two-spotted spider mite, and the European red mite. 
The most troublesome species during the past 2 years has 
been the European red mite. This species has been of 
particular concern in the experimental orchard at San 
Jose, an area where resistance is becoming an increasing 
problem. A serious spider mite population can be ex- 
pected each year, and this infestation is most likely to 
occur if a mite-inducing chemical is used in the walnut 
pest control program. Because of the potential mite prob- 
lem, most investigations with acaricides for the past few 
years have been conducted in this San Jose orchard. 

The experimental treatments have been applied with 
an air-carrier sprayer in approximately 200 gallons of 
water per acre. For population determination the next- 
to-terminal leaflets were gathered at random from areas 
that showed evidence of mite feeding. On each leaflet the 
active stages were counted on both the upper and lower 
surface in three equally spaced marked zones along the 
midrib. The count areas were made with a beveled-edge 
tube having an inside diameter of 15 mm. 

In 1958 a serious European red mite infestation was ex- 
pected, and for this reason the acaricides Tedion® 
(2,4,4’,5-tetrachlorodipheny] sulfone, 80% technical) and 
Kelthane® —_(1,1-bis(p-chloropheny])-2,2,2-trichloroeth- 
anol) were incorporated with the Sevin® (1-naphthyl-N- 
methyl carbamate) treatments applied in May against the 
codling moth. To serve as a check the acaricide was elim- 
inated from one Sevin treatment. Other materials tested 
included schradan, ethion, Trithion® (S-(p-chloro- 
phenylthio)methyl 0,0-diethyl phosphorodithioate) and 
Guthion® (0,0-dimethyl S-(4-0xo-} H-1,2,3-benzo- 
triazine-3-methyl) phosphorodithioate). The first three 
were applied in combination with DDT, which was used 
to control the codling moth. The treatments, dates ap- 
plied, together with the number of European red mites 
per leaf sample are given in table 1. 

Excellent control of the spider mite for the entire sea- 
son was obtained where either Tedion or Kelthane was 
incorporated with the Sevin spray applied on May 16. 
These findings substantiate the results obtained in the 
preceding season, where these two acaricides were in- 
corporated with a May DDT spray. By August 1, the 
Sevin plot in which no acaricide was incorporated with 
the May spray became so heavily infested that it was 
treated with Tedion to control the mite. At time of this 
treatment, severe damage and some defoliation were oc- 
curring. The injury was sufficiently great to lower 
materially the quality of the harvested crop. A crack test 
at harvest showed that 43% of the nuts were shriveled, 
as compared with 23% in the plots that had received 
acaricides. 

As expected, schradan demonstrated its tendency to 
induce an increase in the European red mite population. 
The mite population multiplied rapidly, and although a 
large predator population developed, a Tedion treatment 
became necessary on July 25. Despite the fact that mite 
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Table 1.—Control of the European red mite on English walnuts at San Jose, California.* 








June 
19 


DATES OF 
APPLICATION 


TREATMENT AND Pounps oF INSEc- 
TICIDE” APPLIED PER ACRE 


AVERAGE NUMBER OF Mires PER LEAF SAMPLES ON: 





Aug. 
27 


Aug. 
15 


July July Aug. 
18 25 1 


July 
ll 


June 
26 





(Check) 
Sevin 50% 8 
Tedion 50% 6 


May l6andJuly1 0.23 


August 1 


May 16 


Sevin 50% 8+-Tedion 50% 6 
July 1 


Sevin 50% 8 


May 16 


Sevin 50% 8+ Kelthane 18.5% 12 
July 1 


Sevin 50% 8 


DDT 50% 8+schradan (4 lb. per gal.) 

1.1 May 16 
Tedion 50% 5 July 26 
May 16 


DDT 50% 8+ ethion 25% 8 
July 18 


Ethion 25% 8 


DDT 50% 8+Trithion (4 lb. per gal.) 
1 


May 16 
Trithion (4 lb. per gal.) 1 July 18 


Guthion 25% 6 May I6andJuly1 0 


0.59 4.19 2.73 19.14 0.09 0.01 


10.85 


0 0.01 





® Treatments applied with an air-carrier sprayer in approximately 200 gallons of water per acre. 


> Wettable powder unless otherwise shown. 
© Area of leaf samples 15 mm, in diameter. 


injury was plainly visible, the best quality of walnut 
was secured from this treatment. This fact probably re- 
sulted from the outstanding control of the walnut aphid 
obtained with schradan together with the fact that this 
systemic insecticide exerts a stimulating action in addi- 
tion to insect control (Michelbacher & Hitchcock, 1958). 

Two applications of ethion and Guthion gave very good 
control of the European red mite. The results with ethion 
substantiate the findings of the previous season. The 
control obtained with Trithion was somewhat disap- 
pointing. In places injury by the European red mite was 
very noticeable. This condition is in contrast to results 
secured in previous years, and probably indicates that the 
European red mite is developing resistance to this ma- 
terial. At the time of the second Trithion treatment a 
large population of predatory mites of the genus Typhlo- 
dromus was all but eliminated by the treatment. 

A threatening European red mite population developed 
in the schradan plot at Walnut Creek. This condition was 
paralleled by an increase in the ladybird beetle, Stethorus 
picipes Casey, and a species of Typhlodromus. However, 
by August 8 it appeared that natural enemies might not 
suppress the pest before too much damage was done. As 
a precaution the plot was treated with Kelthane (1 gallon 
18.5% emulsion in 200 gallons of water per acre) on that 
date. The treatment almost eliminated the mite from the 
plot. Average mite counts per 15-mm. leaf samples before 
and after treatment were: August 5, 10.09; August 8, 
9.07; August 15, 0.00; and September 16, 0.00. 

Under ordinary conditions the European red mite does 
not spin any considerable amount of webbing. However, 
on numerous occasions where high populations existed, 
many individuals have been observed to be suspended by 
webbing from the trees. Sometimes they hang from the 
trees in festoons. This reaction must be a means for them 


to spread by wind, and one that may alter the population 
on the trees to a considerable extent. In this connection 
it is interesting to note that Fleschner et al. (1956) ob- 
served a mass wind-borne migration of the citrus red 
mite from a heavily infested to an uninfested citrus 
grove. In the infested grove, the mites spun down from 
the leaves by the thousands and were wind carried to 
the adjacent orchard. 

PossiBLE EFFrecTIvENESS OF NATURAL ENEMIES AS 
Controut Factor—The investigations on walnuts have 
shown that there is an excellent chance that natural 
enemies will effectively control spider mites if treatments 
directed against other pests of walnut are held to a 
minimum. Often this control is accomplished even 
though mite-inducing materials such as DDT and Sevin 
are used. It is important, however, that these materials 
be thoroughly applied and used at the lowest possible 
concentration that will insure effective control of the pest 
against which they are directed. Frequent and unneces- 
sary treatments can prove to be very troublesome. While 
a considerable mite population can be tolerated, treat- 
ment for mite control should be applied as soon as it 
becomes apparent that natural factors cannot cope with 
the situation. 

It is of interest to contrast the situation of spider mites 
on walnut with that existing in a susceptible crop, such 
as pear. A spider mite population that would cause con- 
siderable injury to pear would in all probability have 
little influence on walnut. The fact that pear cannot 
tolerate a sizeable spider mite population may be re- 
sponsible in part for the statement by Huffaker & Spitzer 
(1950) that their observations failed to show any correla- 
tions between the European red mite population and the 
natural enemies present, indicative of a major controlling 
influence of the latter over the red mite. It is possible 
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that on pear, control measures must be applied before 
the beneficial action of the natural enemies have had an 
opportunity fully to exert themselves. 

Although not a true spider mite, the citrus flat mite 
(Brevipalpus lewisi McG.) deserves mention. This mite 
was first reported on walnut by Michelbacher (1956a). A 
localized infestation was first noted in the experimental 
orchard at Linden, California, in 1953. Since then it has 
been found widespread throughout the Linden and 
adjacent areas. The citrus flat mite usually does not de- 
velop to a destructive population until September. 
Mention of this pest is important in this discussion be- 
cause the damage it inflicts tends to mask that caused by 
the true spider mites. Additionally, the natural enemies 
that are so important in controlling the true spider mites 
apparently have little effect upon the citrus flat mite. 
Because of their small size citrus flat mites are not easily 
seen by growers, and damage is likely to be attributed to 
the Pacific spider mite or the two-spotted spider mite. 
The damage to walnut by the citrus flat mite is similar to 
that caused by the true spider mites except that no web- 
bing is associated with the injury. Some treatments used 
in the walnut pest-control program tend to suppress the 
citrus flat mite while others stimululate an increase in 
the population. A further account of this potential pest 
will be given in a separate paper. 
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Observations in W yoming on the Alfalfa Weevil and Its Control 


W. D. Fronx, Wyoming Agricultural Experiment Station, Laramie! 


ABSTRACT 


The alfalfa weevil (Hypera postica (Gyll.)) is not uniformly 
distributed throughout Wyoming. The uninfested areas are 
cooler and have a much shorter growing season than the infested 
areas. Precipitation seemingly plays little part. The distribution 
of larvae in a single field was found to be uniform, while the 
adults tended to be more numerous near the edge of the field, 
where suitable hibernating quarters were available. 

Granulated heptachlor gave better control of weevil larvae 
than granulated dieldrin. However, dieldrin granules applied at 
1.25 lbs. per acre gave good control for 2 years. Untreated plots 
had more plant bugs (Lygus spp.) than plots treated with granu- 


lated dieldrin. More pea aphids (Macrosiphum pisi (Harr.)) were 
in the treated plots than in the untreated check plots. In other 
tests initial control of larvae was achieved with malathion and 
Phosdrin® (1-methoxycarbonyl-1-propen-2-yl-dimethyl phos- 
phate, 60% technical) spray. Later demeton and Phosdrin- 
treated plots had the lowest larval population. 

Alfalfa fields that had never been treated with dieldrin for the 
control of alfalfa weevil had three to seven times as many adult 
weevils in the spring as fields that had been treated at least once 
in 3 years. 


Of the insects that attack the alfalfa hay crop in 
Wyoming, the alfalfa weevil (Hypera postica (Gyli.)) is 


1 Published with approval of the Director, Wyoming Agricultural Experi- 
ment Station, as Journal Paper No. 130. Accepted for publication April 13, 
1959, 
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usually the most destructive. Yet in 1955-57 the alfalfa 
weevil, because of low populations, caused little damage 
to alfalfa. In 1958 it again became conspicuous and was of 
economic importance. Observations on weevil control 
and behavior were made in 1955-58 and are here recorded. 

DistTrRIBUTION Stupies.—During the 35 years or more 
that the alfalfa weevil has existed in Wyoming, it has 
failed to infest all parts of the State. Sweetman (1929, 
1932) and Sweetman & Wedemeyer (1933) have given a 
detailed report on the ecology of the weevil in Wyoming. 
Hamlin et al. (1949) have summarized the effects of 
weather on the alfalfa weevil in other parts of the West. 

To obtain an idea of why the weevil has not spread 
over the entire State, weather data (Disterdick 1941) 
from 5 uninfested alfalfa-growing areas were com- 
pared with data from 10 infested areas (table 1). Since 
there is very little difference in rainfall between infested 


Table 1.—Average weather conditions in 4 areas of Wyo- 
ming uninfested with the alfalfa weevil and in 10 infested 





No. YEARS 





TemPERATURE (° F.) 
- -- - ANNUAL WEATHER 
Average Growinc Precipi- Opserva- 
- SEASON TATION TIONS 
CATEGORY Annual January July (Days)  (INcHEs) MapbE 
Uninfested 43.2 18.10 63.30 90.5 13.90 26—40 
Infested 45.4 20.46 70.22 126.8 13.17 18-40 





and uninfested areas, precipitation seemingly plays little 
part in the establishment of the weevil in Wyoming. The 
uninfested areas were found to be cooler and have a 
shorter growing season than those areas having the wee- 
vil. In 1956 alfalfa weevil adults and larvae were found in 
normally uninfested alfalfa fields near Laramie. This in- 
festation failed to establish itself, as no evidence of weevil 
was found in 1957 or 1958. 

The distribution of alfalfa weevil larvae and adults was 
studied in a 3-acre field at Torrington. The field was 
divided on July 23, 1958, into 18 plots of equal size, and 
10 sweeps were taken in each plot and the larvae and 
adults counted. As shown in figures 1 and 2, the weevil 
larvae were distributed rather evenly over the field, while 
the adults were more numerous near the south end of the 
field, where there was a stand of large cottonwood trees. 
Hamlin et al. (1949) noted that adult weevils tended to 
assemble along ditches, edge rows, et cetera, where they 
hibernated. Other insects, plant bugs (Lygus spp.), 
pea aphids (Macrosiphum pisi (Harr.), lady beetles 
(Coccinellidae) and damsel bugs (Nabidae)) in the 
Torrington field followed neither the adult nor the larval 
weevil pattern. 

ConTROL WITH GRANULATED INseEctTicipEs.—In 1956 
a field near Lingle was divided into plots 18’ by 125’ for 
a study of the effectiveness of granulated dieldrin and 
granulated heptachlor for weevil control. Each treatment 
and an untreated check were replicated five times. Ma- 
terials used were 2% 30/60 mesh dieldrin and 2.5% 
30/60 mesh heptachlor. Each was applied April 16 so as 
to give 4 ounces of actual material per acre. On May 31, 
50 sweeps were taken in each plot and adult and larval 
weevils counted. The dieldrin plots contained 86 larvae 
per 250 sweeps, the heptachlor plots 52, and the un- 
treated checks 126. Although the population of weevil 
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Fic. 1.—The distribution of alfalfa weevil larvae in a field at 
Torrington, Wyoming, 1958. Each asterisk represents 2 larvae 
in 10 sweeps of an insect net. 










larvae was low, the results approximate those of Muka 
(1957) and Blackburn (1957), who found that granu- 
lated heptachlor gave better control of alfalfa weevil 
than granulated dieldrin. Walstrom & Lofgren (1957) 
found that dieldrin granules gave effective weevil control 
in South Dakota. MacCreary (1957) reported dieldrin 
spray more effective than heptachlor spray in Delaware. 

Because of the long residual property of dieldrin, the 
possibility of its providing control for more than 1 year 
was investigated. On May 23, 1957, a 5% granulated 
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Fig. 2.—distribution of alfalfa weevil adults in a field at Torring- 
ton, Wyoming, 1958. Each asterisk represents 1 weevil adult i 
10 sweeps of an insect net. 
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Table 2.—Insect population in 20 sweeps of an insect net 
in alfalfa plots treated with 1.25 lbs. dieldrin and in untreated 
check plots. Torrington, Wyoming, 1958. 








TREATED PLots UNTREATED Pots 
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Table 4.—Populations of the alfalfa weevil in 50 sweeps of 
an insect net in alfalfa plots. Torrington, Wyoming. 








JuLy 18, 1957 Juty 10, 1958 JuLy 22, 1958 
TREATMENT AND) ————_—— 


Dosace per Acre Adults Larvae Adults Larvae Adults Larvae 





July 9 


INSECT June 5 June5 July 9 





Alfalfa weevil: 
adults 16 
larvae 7 1,741 
Plant bugs 30 
Pea aphids 29 
Lady beetles 2 
Damsel bugs 6 


_— 
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dieldrin was applied at the rate of 1.25 lb. of actual insec- 
ticide per acre to 2 plots, each 77’ by 144’, at Torrington. 
Duplicate untreated plots of the same size were left as 
checks. On June 10, July 3, and July 17, 10 sweeps were 
taken in each plot and the weevil infestation sampled. 
On June 10 4 larvae per 20 sweeps were found in the 
treated plots and 120 larvae in the checks, which in- 
dicated that control was achieved with this late applica- 
tion. 

In 1958 these same plots were sampled on June 5 and 
July 9. Counts were made of alfalfa weevil, plant bugs, 
pea aphid, lady beetles, and damsel bugs. The results 
are shown in table 2. The weevil population was high in 
1958 around Torrington, yet the dieldrin-treated plots 
remained practically free from damage. The alfalfa on 
the treated plots was several inches taller in June and was 
conspicuous in the surrounding damaged alfalfa. By July 
9 most of the larvae and adults had disappeared from the 
test plots. 

Orner ALFALFA INsEcts.—An indirect effect of weevil 
control appeared to be reflected in the population of other 
alfalfa insects. The drying out of infested alfalfa made it 
more attractive to plant bugs, and more of these insects 
were found in the check plots than in the treated plots. 
The plant bug population evened out in the growth of the 
second cutting. On the other hand, pea aphids increased 
on moist, succulent growth, and many more aphids were 
found in the treated plots than in the check plots. On 
July 9 the pea aphid population was still much higher in 
the dieldrin-treated plots. Lady beetles had not yet 
moved into these plots by June 5, but by July 9 they were 
numerous in the plots having the most aphids. Damsel 
hugs were more numerous in the check plots on June 5, 
probably because of the high plant bug population, but 
by July 9 were evenly spread through all plots. 

An estimate of the yield of hay was taken by cutting 
the alfalfa from a square yard from each plot and weigh- 


Table 3.—Yield of green alfalfa from 2 square yards from 
plots treated with 1.25 dieldrin and from untreated check 
plots. Torrington, Wyoming, 1958. 





Pounps oF GREEN ALFALFA ON 
Dates SHOWN 

~- ao -—— TOTAL 
Carecory June 10 = July 22 Sept. 10 (Ls.) 
Treated : ‘ 10.7 32.9 
Untreated ef ; 9.1 28.5 


a 





DDT, 1.5 lb. 10 6 
Heptachlor, 4 oz. 0 

Demeton, 3 oz. 2 
Phosdrin, 4 oz. 

Endrin, 4 oz. 

Toxaphene, 2 Ib. 
Dieldrin, 4 oz. 

Parathion, 3 oz. 
Malathion, 1 lb. 
Untreated 


11 
12 

5 
12 


7 
5 
3 
2 
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21 
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ing it immediately (table 3). A greater difference ap- 
peared between yields of the first cutting than of the 
other two. Because weevils do most of their damage 
early, the effects of control would naturally be reflected 
in this first cutting. 

On July 16, 1957, and on July 9, 1958, at Torrington, 
plots 30’ by 22’ replicated five times were sprayed with 
the chemicals as listed in table 4. These plots were being 
used to study control of sucking insects, and observations 
on alfalfa weevil were secondary. A border 10 feet wide 
was cut around each plot before spraying and was kept 
mowed for the remainder of the year. The chemicals were 
applied by a power sprayer with a 20-foot boom mounted 
on a truck. The pressure was 75 p.s.i., and all chemicals 
were applied in 12 gallons of spray per acre. The weevil 
population was estimated by taking 10 sweeps in each 
plot on July 16, 1957, and on July 10 and 22 in 1958. No 
statistical analysis of these data was attempted since the 
larvae were rapidly disappearing from the field because 
of pupation and other factors, and the differences noted 
might be misleading. The results shown in table 4 can, 
however, be used as indications for further study. 

In 1957, a year of light weevil populations, the plots 
sprayed with malathion, dieldrin, and endrin showed the 
least infestation of weevil larvae. Endrin was not so ef- 
fective in 1958 as it was in 1957. Others, too, have found 
that endrin gave poor weevil control (MacCreary 1957). 
The best initial control of the larvae in 1958 was shown 
by malathion and Phosdrin®, (1-methoxycarbonyl-1- 
propen-2-yl dimethyl phosphate, 60% technical) how- 
ever, 13 days after treatment Phosdrin and demeton ap- 
peared to be the best. Of the chlorinated hydrocarbons, 
DDT seemed to give the best larval control. One day 
after treatment, adult populations were lowest in plots 
treated with Phosdrin, parathion, and malathion. Thir- 


Table 5.—Reinfestation by the alfalfa weevil of alfalfa 
fields following spraying with dieldrin. Torrington, Wyoming. 
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No. ApuLts” 


(Yrs.) 1952 1953 1954 1955 
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® X =years in which fields were dieldrin-treated in spring. 
> In 200 sweeps in the spring of 1955. 
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teen days later the number of adults remaining were so 
few that it was difficult to measure the effects of the 
chemicals. 

Rate oF RernrestatTion.—The rate at which alfalfa 
weevil reinfest alfalfa fields following treatment as out- 
lined by Hastings & Pepper (1951) was investigated in 
1955. Five fields for each category shown in table 5 were 
located in the area around Torrington. Two hundred 
sweeps were taken in each field in May and the adult 
weevils counted. The infestation was light in 1955, just 
as it had been the preceding year, and few farmers 
sprayed. 

Where the fields had never been sprayed, the average 
number of adult weevil in 200 sweeps was three to seven 
times as great as where treatment had been applied at 
least once in 3 years. This result seems to indicate a slight 
amount of migration into treated fields during years of 
low population densities. Most of the growers in this area 
believe they can treat one year and then omit treatments 
a year without experiencing an economic loss. The ex- 
perience gained in 1955 would seem to make this plausible 
at least in years of relatively low populations. 
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Effects of Number of Test Insects, Exposure Period, and Posttreatment 
Interval on Reliability of Fumigant Bioassays' 


W. Kerra Warrney and Puiurr K. Harern,? Department of Entomology, Kansas State University, Manhattan 


ABSTRACT 


Studies were designed to determine the reproducibility of re- 
sults from standardized laboratory fumigation tests using an 
80:20 (CCl: CS, by vol.) fumigant in empty 20-liter bottles at 
80° F. The test insects were adults of rice weevil (Sitophilus 
oryza (L.)), confused flour beetle (Tribolium confueum Duv.), 
and saw-toothed grain beetle (Oryzaephilus surinamensis (L.)) 
and three age groups of immature rice weevils. 

Analysis and evaluations showed that (1) the optimum number 
of adult insects used in each test cage was 50; (2) rice weevil and 
confused flour beetle should be held at least 10 days and saw- 
toothed grain beetle 15 days after fumigation for final mortality 
counts; (3) the descending order of resistance to the fumigant 
was rice weevil pupae, eggs, and larvae, and adult saw-toothed 
grain beetles, confused flour beetles, and rice weevils, and (4) 
variation in results was unpredictable although variations were 
greatest with rice weevil adults and smallest with rice weevil 
larvae. Results of parallel experiments conducted on different 


days were highly variable in some instances, but replicates within 
a given day’s tests were reasonably consistent. Adult insects 
demonstrated greater variation following longer exposures to the 
fumigant than following shorter exposures. Immature weevils 
responded erratically following the shorter exposures but varied 
least of all groups in the 48-hour exposures. Sublethal treatments 
of immature rice weevils retarded their rate of development. 
LC values with their respective confidence intervals were deter- 
mined. The observed LCso and LCgo values associated with 24- 
hour exposures were 290 and 370 uM./l. (micromoles per liter 
for confused flour beetle adults, 165 and 220 uM./l. for rice 
weevil adults, 125 and 500 uM./I. for rice weevil eggs and young 
larvae, 155 and 345 uM./l. for young and middle-aged rice 
weevil larvae and 375 and 865 uM./l. for older rice weevil 
larvae and pupae. LC values for 4- and 8-hour exposures were 
greater, and those for 48-hour exposures were smaller, than the 
24-hour LC values. 





The reliability of experimental results is of major con- 
cern since much effort and money are spent in conducting 
laboratory and field tests with fumigants on stored- 
product insects. Reliability is dependent, to a large ex- 
tent, on understanding the factors contributing to varia- 
tions and the means of keeping these factors more nearly 
constant. Although some variation in toxicological re- 
sults is generally expected, it often is great. Gunther et al. 


1 Contribution No. 733, Department of Entomology, Kansas Agricultural 
Experiment Station, Manhattan. The financial costs of these studies were sup- 
ported partially by the Diamond Alkali Company. Investigations were con- 

ucted in the Stored-Grain Insects Laboratory, U. 8. Department of Agricul 
ture, under the direction of D. A. Wilbur, Department of Entomology, Kansas 
State University. The valuable assistance of Orlo K. Jantz, Entomologist, U.°. 
Department of Agriculture, is acknowledged. Accepted for publication April 18, 
1959, 

2 Instructors in Entomology, Kansas State University. Senior author was 
Entomologist with the Stored-Grain Insects Laboratory, U. S. Department of 
Agriculture, at the time this study was conducted. 
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(1958) found that the average of a series repeated at dif- 
ferent times varied as much as 600% in LT 0 values and 
1,000°;, in LDso values. Their tests were with diphenyl- 
methane derivatives and Tribolium confusum Duv. 

Sun (1947) provided an important contribution in the 
identification of factors affecting fumigation results. He 
pointed out some of the biological variations and experi- 
mental errors that contribute to highly variable results 
from parallel tests. He further stated that the inherent 
individual differences among various testing conditions 
should be evaluated by each investigator and should be 
limited by a special experimental design to fit the case. 

Many questions remain unanswered and the present 
study was an effort to elucidate some of the variable 
factors involved in such research. The major objective 
was to study variations in results of standardized labora- 
tory fumigations. Specific tests were made to (1) deter- 
mine the optimum number of adult insects to use per 
cage; (2) establish the optimum time intervals at which 
postfumigation mortality counts should be taken; and 
(3) evaluate the relative toxicity of 80:20 (CCl:CS, 
by vol.) to different test insects for different exposure 
periods. The first two phenomena fundamentally affect 
the efficiency and reliability of research. The selection of 
80:20 as a fumigant was made on the basis of its wide 
use and composition of two different toxicants. 

MATERIALS AND Metuops.—Fumigations were per- 
formed in 20-liter glass bottles (fig. 1) in a manner 
slightly modified from that described by Dennis & 
Whitney (1954). Each bottle was fitted with a one-hole 
neoprene stopper holding a pyrex stopcock. A folded 
strip of blotter paper was attached to the lower end of 
each stopcock to catch and hold the liquid fumigant as it 
was being introduced into the fumatorium. Cylindrical 
test cages, 2} inches long by } inch diameter made of 60- 
mesh brass screen, were used to hold the test insects. 
Each cage was closed with a waxed cork to which was at- 
tached a waxed string. The test cages were suspended in 
the center of each bottle by taping the waxed strings to 
the outside of each fumatorium by an identification tag 
made of masking tape. A vacuum of 15 inches of mercury 
was drawn in each fumatorium immediately before 
fumigating to aid in the introduction, vaporization, and 
dispersion of the fumigant. A graduated pipet was used 
to measure and introduce the liquid fumigant into the 
bottle via the stopcock as the vacuum was being satisfied. 
(as analyses were made at the end of each fumigation 
period and the test insects were removed for mortality 
counts. 

Fumigant.—Standard 80:20 (CCly:CS»: by vol.) was 
formulated in the laboratory at room temperature (75° 
F.) from technical grade materials. This mixture was 
stored in a tightly sealed bottle at 40° F. but was warmed 
to room temperature just prior to introducing the fumi- 
gant into the fumatoria. 

Fumigation Conditions.—The fumigations were con- 
ducted at prevailing atmospheric pressures at a tem- 
perature of 80° F. 

Preliminary “range finding” tests gave crude estimates 
of the LC values at a 4-hour exposure. These results 
were used as a guide to establish dosages for more exten- 
sive experiments in subsequent series. Three different 
dosages at an exposure period of 4 hours were used in the 


Test insects were held in wire screen cages during 
fumigation in 20-liter bottles as shown. 


Fig. 1. 


first extensive series of tests. The second series of tests 
employed exposure periods of 4, 8, 24, and 48 hours and 
was designed to provide data for establishing dosage- 
mortality curves. All dosages were expressed as milli- 
grams per liter (mg./l.) and as micromoles per liter 
(uM./1.)& when calculated on the basis of a 20-liter volume 
for each fumatorium. 

Amount of Fumatoria Volume V ariation.—The average 
volume per bottle was 19.49 liters. Each bottle was cali- 
brated and the range of volumes was found to be from 
19.30 to 20.00 liters, with a standard deviation from the 
mean of 0.16 liters, or less than 1%. Thermal conductivity 
gas analyses in the preliminary tests demonstrated that 
concentrations which existed at the end of each 4-hour 
exposure period were closer to the values calculated on 
the basis of 20-liter volumes than when calculated accord- 
ing to the actual volumes. It was assumed that this slight 
discrepancy was due to sorption and other minor losses. 

Test Insects—Adult confused flour beetles (Tribolium 
confusum Duv.), adult saw-toothed grain beetles (Oryzae- 
philus surinamensis (L.)), and all stages of the rice weevil 
(Sitophilus oryza (L.)) were used. They were reared at 
80° F. and 65% relative humidity in sifted-wheat shorts 
+5% yeast, rolled oats, and Hard Red Winter wheat. 
respectively. All culture media were tempered to 12.5% 


3 Micromoles per liter =(grams of fumigant/molecular weight + volume of 
fumatorium in liters) (108); one mg./1.=7.6 uM/1. 
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moisture before introduction of the parent insects. The 
cultures were changed every 7 days, therefore, the in- 
sects’ age could be determined within +3.5 days. The age 
of the adults at fumigation was 14 days after emergence 
from the pupal stage or from the kernels. The three age 
groups of rice weevil immatures were: RW;-1, 3.5 days 
after oviposition (eggs and young larvae); RWj-2, 10.5 
days after oviposition (young and middle-aged larvae) ; 
and RW;-3, 17.5 days after oviposition (older larvae and 
pupae). 

Adult insects were separated from the culture media 
by sifting. An aspirator was used to collect the desired 
number of insects for each cage. Ten test cages containing 
10, 20, 30, 40, 50, 60, 70, 80, 90, and 100 adults, respec- 
tively, were used in each fumatorium in the first series 
of tests. Each insect species required a different dosage 
range, thus it was necessary to fumigate each species 
separately. The test insects were placed in the test cages 
without food for a period of 4 to 8 hours prior to the in- 
troduction of the fumigant and remained without food 
until the first mortality count. 

Fifty adult insects per cage were used in the second test 
series because 50 proved to be the most satisfactory 
number in the first experiment. Ten grams of wheat 
infested with the desired age-group of rice weevils were 
placed in each cage for the immature insect studies. 

Postfumigation mortality counts of adults were con- 
ducted at 0, 5, 10, 15, and 20 days. Test insects were 
considered alive if any muscular movement was observed 
under a three-power illuminated magnifier. If there were 
a question regarding life in individual insects, efforts were 
made to stimulate them by use of air currents, prodding, 
bright light, and mild heat before a decision was made. 
Adult insects were stored in the rearing room in small 
plastic boxes (about 2 in. square X 3 in. deep) containing 
food material until all postfumigation counts were com- 
pleted (fig. 2). Following an aeration period of approxi- 
mately 2 hours, the immature rice weevil samples were 
also stored in plastic boxes and incubated in the rearing 
room. Post-fumigation mortality counts of immatures 
were made when the insects were 4, 5, 6, and 7 weeks 
old, the ages being figured from the time of oviposition. 


Fic. 2.—After fumigation, the test insects were held at 80° F. 
and 65% relative humidity in these plastic boxes which contained 
appropriate food. 
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Adult insects emerging from the immature test sample 
were discarded after each count. The differences betwee) 
numbers emerging from treated samples versus check 
samples were used as the basis for determining the mop. 
tality of the immatures. 

The saw-toothed grain beetle is very difficult to work 
with because of its small size, the ease with which jj 
escapes confinement, its habit of feigning death, its sys. 
ceptibility to injury from handling, and its very erratic 
response to treatments. This species was not included jy 
the second series of experiment for these reasons. 

Gas Analyses.—Relative gas concentrations wer 
measured at the end of each exposure period by means of 
Gow-Mac thermal conductivity gas analyzer. The con. 
centration reading, which was approximately equal to 
milligrams per liter, was the sum of the two components 
(CCl, and CS2) and not a quantitative analysis for each 
compound. Gas analyses were made only at the end of the 
fumigation to prevent disturbing or diluting the funi. 
gants during the exposure periods. Each of the gas sam. 
ples was taken in the vicinity of the test cages, passed 
through the analyzer, and returned to the top of the 
fumatorium. 

Number of Replicates and Methods of Evaluating Data— 
Three insect species in separate cages were used in the 
preliminary “range finding” tests. These tests consisted 
of nine dosages in triplicate. Mortality data from these 
tests served as a guide to dosages which were used in 
subsequent tests. Results of gas analyses in these tests 
were used to study the variations related to different 
bottle volumes and the respective fumigant concentra- 
tions resulting from standard dosages. 

The first series of tests, to determine the optimum num- 
ber of adult insects to use per cage, involved triplicate 
fumigations at three dosages for each of three insect 
species on three different days. This made a total of nine 
fumigations (replicates) for each species, dosage, and 
number per cage. In addition, an untreated check series 
of three cages for each number of insects per cage was 
included in each test group. The data were analyzed by 
the analysis of variance* to determine when significant 
differences occurred between different numbers per cage. 
The design also made it possible to detect other significant 
differences such as from one date to another in replicated 
fumigations, and also from one postfumigation mortality 
count to the next. 

A specific dosage range was used for each group ol 
tests in the second series. These tests were designed to 
produce data for establishment of dosage-mortality 
curves and also to support previous information regard- 
ing determination of the time when mortality counts 
should be made. Data from these tests were evaluated by 
(1) probit analyses to yield LC-values and confidence 
intervals, (2) graphic analyses to determine when to 
make mortality counts and (3) tabulation of the minimum 
dosages in which no insects survived, 7.e., 100% mortality. 

Resutts.—First Series.—Mortality data most suitable 
for statistical evaluations are given in tables 1 and 2. 
Both visual inspection of average mortalities and the 
analysis of variance suggest that 50 adult insects are 
sufficient in each test cage (table 1). No distinct demarea- 

‘Gary F. Krause, Instructor in Statistics and Entomology, Kansas State 
University performed the analysis of variance tests. 
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Table 1.—Per cent mortality obtained in tests to determine the optimum numbers of adult insects to use per test cage in 


4-hour fumigations with 80:20 (CCL,:CS: by vol.) at 80° F. 








=—— 


No. aNp Date ——— 
40 


or Test 


INSECTS PER CAGE 


L.S.D. 
—— ——_—_— —-——-- — —--- - AT THE 
5% LeveL 


50 60 { 100 


aE Rice weevil with 1,161 »M/1.® 


95.8 ns 
* 


Ist test (3/11/57) 95.4 


95.8 ° 
ns 

95.8 a 
0.0 7 


and test (3/18/57) 84.4 
100.0 


grd test (4/1/57) 
15.6 


Range 


94.6 ns 
* 

91.2 
. 


98.8 ns 


96.2 

ns 

: 96.0 ns 
* 


100.0 ns 
6 4.0 


Confused flour beetle with 1,045 uM /l. 


60.2 ns 
. 


Ist test (3/7, 57) 39.0 9. ns 


* 2a we 
ns 

93.2 ns 

33.0 


and test (3/25/57) 69.6 
ns 
72.2 r ns 


3rd test (4/15/57) 
33.2 


Range 


64.6 * 
. 

87.8 ns 
* 


94.6 ns 
30.0 


80.1 ns 
* 

91.2 ns 
* 


98.4 ns 
18.3 


Saw-toothed grain beetle with 1,567 uM /I. 


Ist test (3/22/57) 84.6 3.6 6 * oe °* 
. * * * 


90.2 be 


and test (4/29/57) 88.4 ns 
. 


79.2 ° 
* 
90.8 ns 


86.0 ns 
* 
93.8 * 
* 


ns s ns 


84.0 * 
8.2 


93.8 . ns 
9.2 


rd test (5/11/57) 
Range 


we ° 
11.6 


#.4 * 
11.4 





® Micromoles per liter. 


* Significant difference at the 5% level. ns=no significant difference at the 5% level. 


tion occurred to support this number in every instance. 
The frequency of significant differences between number 
of insects per cage above 50 was lower than the frequency 
of differences below 50, when considering each test in- 
dividually. Furthermore, a preferable number of 50 in- 
sects is indicated when 30 insects and 100 insects per cage 


are compared with 50. In this case there were significant 
differences four times of the nine comparisons between 
30 insects and 50 insects per cage, while mortality differ- 
ences between 100 insects and 50 insects per cage were 
significant only once in nine comparisons. These com- 
parisons are not specifically indicated in table 1. 


Table 2.—Mean per cent mortality obtained in tests to determine when to terminate mortality counts of adult insects 
following a 4-hour fumigation with 80:20 (CCl,:CS: by vol.) at 80° F. 








Days Arrer FuMIGATION 
-~ a -- THE 5% 
10 Q LEVEL 








Rice weevil 


. 69.7 
ns 
70.3 


Ist test (3/11/57) 
2nd test (3/18/57) 


58.6 
16.0 


3rd test (4/1/57) 
Range 


1,161 uM./I. 

Ist test (3/11/57) 99.9 91.5 93.0 
ns = ns 
99.1 88.8 93.3 
ns ns - 
99.8 98 .4 
0.8 9.6 


2nd test (3/18/57) 


99.0 
6.0 


3rd test (4/1/57) 
Range 
Confused flour beetle with 1,045 pM./I. 


Ist test (3/7/57) ns 48.9 . 76.0 ns 
* * 


2nd test (3/25/57) - 83.7 ns 87.1 ” 
* * 

94.6 

18.6 


92.0 ns 
43.1 


8rd test (4/15/57) 
Range 
Saw-toothed grain beetle with 1,567 uM./l. 
” 76.4 ™ 81.0 ” 
* * 


84.0 
« 


Ist test (3/22/57 


88.8 


* 


2nd test (4/29/57) 


3rd test (5/11/57) 97. we 8: 
Range 5 


eee 





* Micromoles per liter. 
* Significant difference at the 5% level. ns =No significant difference at the 5% level. 
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Fic. 3.—Mortality of test insects at different intervals after 
fumigaiion with 80:20 (CCl:CS.) at 80 F. (Mortalities are 
averages from different dosages and exposures. ) 


The range in mortalities among the three tests (table 1) 
shows that highly significant differences occurred when 
identical treatments were used on different dates. The 
maximum range was 40.4% with the confused flour 
beetle at 20 per cage and the minimum was zero for the 
rice weevil at 40 per cage. Mortalities tended to be high- 
est in the third test and lowest in the first test. Hence, a 
comparison of different numbers per cage within each test 
served as the basis for determining the minimum satis- 
factory number of insects per cage. 

Table 2 and figure 3 present data which show how long 
the adult insects should be held after fumigation for final 
mortality counts. Results in figure 3 for the three species 
cannot be compared directly because the dosages were 
different. In table 2, as in table 1, mortalities obtained 
following fumigation tests on three separate days were 
usually significantly different. In table 2 the maximum 
range of mortalities between tests was 43.1% for the 
confused flour beetle at the 5-day count, but it lessened 
to 18.6% for the same insects at the 10-day count. The 
minimum range, 0.89%, was found with the rice weevil in 
the first count. When comparing mortalities at 0 and 5 
days, 0 and 10 days, and 5 and 10 days following the re- 
moval of insects from the fumigation chamber, differ- 
ences were generally significant for adult rice weevils. 
They were not significantly different after 10 days. Al- 
though the 15- and 20-day counts for the flour beetles 
were higher than the 10-day count, the analysis of 
variance indicated that these differences were not signif- 
icant except in one case. Ten days appears to be the most 
feasible holding period for final mortality counts with the 
rice weevil and the confused flour beetle. The saw-toothed 
grain beetle responded differently from the other species 
in that significant differences were found between 10- and 
15-day counts in two of the three tests as shown in table 2. 
Results of 15- and 20-day counts were not significantly 
different. Therefore, for final mortality count the saw- 
toothed grain beetle may be held for 15 days after fumiga- 
tion with 80:20. 

The anesthetic, recovery, and delayed mortality effects 
are indicated in table 2 and figure 3 as evidenced by the 
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Fig. 4.—Toxicity of 80:20 (CCl: CS.) to 
adult confused flour beetles. 


apparent high “mortality” at zero days, low mortality at 
5 days, and increased mortalities at 10, 15, and 20 days. 
This phenomenon was especially noticeable with the adult 
saw-toothed grain beetle and was less noticeable with the 
adult rice weevil in some tests (table 2) but not following 
completion of all tests (fig. 3). Adult flour beetles did not 
show an anesthetic response in these tests. 

Second Series.—LC 59 and LCgo values with their re- 
spective confidence intervals are given in table 3. These 
values are based on data presented in the probit-mortality 
lines in figures 4 to 9 inclusive. Figure 9 portrays the rela- 
tive susceptibility of each species and stage exposed for 
24 hours. This relative susceptibility was not constant 
over the entire mortality range. In the 24-hour exposures 
(fig. 9) and above 95% mortality, the increasing order of 
resistance was: rice weevil adults, confused flour beetle 
adults, middle-aged rice weevil larvae (RWj-2), rice wee- 
vil eggs and young larvae (RW;-1), and rice weevil pupae 
and older larvae (RW;,-3). The order of resistance also 
varied with the different lengths of exposure (figures 4 to 
8 inclusive). The immature rice weevils were especially 
difficult to kill with short exposures (figures 6 to 8 inclu- 
sive). 

Some of the confidence intervals in table 3 indicate 
mortalities above 100%. This means that dosages which 
produced 90% kills, according to the probit-mortality 
lines were, in some instances, more than needed to pro- 
duce 100% mortality. This reflects the wide limits of 
variation in the results of some of these tests. The confi- 
dence intervals show that variation was greater in the 


Probit Mortality 
1) o 
Per Cent Mortality 


Ey 








a Let tii titiititti dt 


EN Te: (ER SOI etre, See eee RRS Ie es ee . 
160 320 480 640 &€00 3960 1120 1280 1440 


Micromoles per ter 





. 5.—Toxicity of 80:20 (CCl: CS.) to adult rice w eevils, 


Probit Mortality 


Probit Mortality 





p< mm 


~~ 


Preahit Mortality 


| 
oo 
ou 


wi 
° 
ent Mortality 





= 
ie Sere mworere we 


BOO 


ality at 
0 days, 
> adult 
rith the 
lowing 
lid not 


leir re- 
These 
rtality 
ie rela- 
sed for 
ynstant 
posures 
der of 
- beetle 
ce wee- 
| pupae 
ce also 
res 4 to 
ecially 
3 inclu- 





idicate 
which 
tality 
to pro- 
nits of 
- confi- 
in the 


Diititiiiiititii | | 
é e 
it 


i 
wn 





i 


10 








October 1959 


RW, -\ eggs and young larvae 

















= J —933g 
.< 
~) 
ye oP 
my —g95 
“ 5 =990 >» 
o/ we - 
i ee 
2 Pa y s eigntre — — = - 
5 | on xpoeure =70 > 
5 ; ——— nol : 80 = 
3 L, 4 _— four _ —50 ak 
: er . a =o s 
6 L, 39 vo 
cf 20 « 
a a 1 a 
3 
Se eS a ae ee ee 
1400 1600 1800 


600 800 1000 «1200 
Micromoles per Liter 


400 


Toxicity of 80:20 (CCl: CS.) to immature rice weevils 
(RW;-1: eggs and young larvae). 


Fie. 6. 


RW -2 young and middie-aged larvae 


Mortality 


Probit 





| TOR BS 




















| Ce ae ae A ey 










Wuitney & Harern: Facrors AFFECTING RELIABILITY OF FUMIGANT BIOASSAYS 





i 
1280 


947 


1 
8 


| 


95 
gO 


80 
70 


D 
oO 


Per Cent 


50 
40 


wW 
° 


LUTE 


20 








! 
320 


] 
° 160 


480 


640 800 960 


Micromoles per Liter 


120 


1440 


Mortality 


Fic. 9.—Relative toxicity of 80:20 (CCly: CS.) to adult confused 
flour beetles and four age groups of rice weevils when exposed 


24 





hours at 80° F, 














*7 























but their confidence intervals were relatively narrow in 


the 48-hour exposures. 


Table 4 presents the combinations of minimum dosages 
for each exposure period with which 100% mortalities 
were associated. The highest dosage tested did not pro- 
duce a 100% mortality in some tests. In such cases the 
maximum dosage used was recorded with the observed 
percentage kill in parentheses. Frequently a lower dosage 
produced a higher mortality than a higher dosage, even 


Table 3—Relative amount of 80:20 (CCl,;:CS: by vol.) 
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fumigant needed to produce LCs) and LC» mortality in 
three species of test insects when fumigated for different 
lengths of exposure at 80° F. 











longer exposures with adult insects. No clearly defined 
pattern of variation was evident with immature rice wee- 
vils. Rice weevil adults demonstrated the most erratic 
results and middle-aged rice weevil larvae (RWj-2) the 
least. The youngest rice weevils (RWj-1) were unpredict- 
able in their response to exposures of 4, 8, and 24 hours, 
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LCs LCoo 
95% 95% 
ExposurE Dosage Required Confidence Dosage Required Confidence 
PeRiop —_—___—___—_—_—— Interval (% - Interval (% 
(Hours) Mg./I.* uM./1.® Mortality) Mg./l. «M./l. Mortality) 
Confused flour beetle adults 

4 123 935 +15.3 174 1,320 +16.1° 

8 89 6380 +15.8 107 815 +19.4 

24 38 290 + 16.7 49 370 +26.9 

48 27 205 +20.2 35 265 +40.9 

Rice weevil adults 

4 76 575 +19.2 115 872 + 23.0 

8 47 360 + 29.1 68 520 + 36.3 

24 22 165 + 30.0 29 220 + 42.9 

48 8 62 +38.2 16 120 + 50.4 


Rice weevil immatures 


RW;—14 
4 121 920 +10.9 263 2,000 + 13.2 
8 45 340 +21.8 250 1,900 + 37.6 
24 16 125 +39.9 66 500 +41.0 
65 + 9.8 22 170 + 9.0 















118 900 + 8. 181 : + { 
8 79 600 + 9.0 109 830 + 9.1 
24 20 155 + 3.3 45 345 + 4.9 
48 13 98 + 8.7 25 188 $13.3 

RW;—3° 

4 180 1,370 + 4.6 292 2,220 + 9.3 
s 98 745 + 8.0 188 1,425 +10.3 
24 49 375 + 6.3 114 865 +18.4 
48 26 195 + $3.7 61 460 + 9.2 











* Milligrams per liter. 


b 


100% mortality. 


Micromoles per liter. 

© Numbers in which LCg plus confidence interval total more than 100% 
mortality indicate that dosages which produced 90% kills according to the 
probit-mortality curves were, in some instances, more than enough to produce 


4 Eggs and young larvae. 
© Young and middle-aged larvae. 


f Older larvae and pupae. 
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Table 4.—Minimum dosages of 80:20 (CCl,:CS: by volume) associated with 100% mortality of test insects fumiga‘ed in 


empty 20-liter bottles at 80° F. 





+4 Hours 
uM_/1.> 
1,858 
1,684 


SPECIES AND STAGE 


Confused flour beetle adults 
Rice weevil adults 
Rice weevil immatures 


RW;—I° 
RW\—2! 
RW, 


LENGTH OF ExposurRE AND DosaGE REQUIRED 


Mg./I. 


8 Hours 48 Hours 


24 Hours 


uM./I. Mg./I. 
61 464 34 
38 290 23 


uM /I. g./l. 


107 813 46 
(90%) 
1,509 813 31 


(98%) 


(96%) 


1,858 813 


(98%) 





* Milligrams per liter. 

> Micromoles per liter. 

© Eggs and young larvae. 

4 Young and middle-aged larvae. 
© Older larvae and pupae. 


‘ Mortality did not reach 100%. Mortality at indicated dosage is given in parentheses. 


within the same test. In these instances the dosage re- 
corded in table 4 is not the lowest which produced 100% 
mortality, but rather was the first in the series of dosages 
in which no less than 100% mortality occurred in subse- 
quent higher dosages. Table 4 and figures 4 to 9 show that 
exposures of 48 hours or longer should be used to obtain 
approximately 100% kill of immature rice weevils. 

The retarding effect of sublethal fumigation on the de- 
velopment of immature rice weevils is shown in figure 10. 
At the age of 5 weeks the average emergence was 23% 
completed in the fumigated samples and 40% completed 
in the checks. These percentages were based on the total 
number of adults which appeared in the fumigated and 
check samples, respectively, at 7 weeks of age. 

Discussion.—Although results of analysis of variance 
were not sharply defined, it appears that an increase in 
the number of test insects beyond 50 per cage would result 
in diminishing returns when considering the practical 
difficulties involved in handling large numbers of insects. 
The use of 50 insects per cage is convenient in calculating 
results. 

Although the most favorable postfumigation holding 
periods were clearly indicated for 80:20, experience with 
other fumigants has demonstrated that each fumigant 
demands its own special time interval. The anesthetic, 
recovery, and delayed mortality phenomena are highly 
important from both the experimental and the practical 
standpoint. An examination of test insects immediately 
following a fumigation may result in the conclusion that 
100% mortality was attained when actually many were 
merely anesthetized. If the insects were examined only 
once, 5 days after fumigation for example, they might ap- 
pear to be normally active but succumb to the effect of 
the fumigant later. Therefore, it is desirable to conduct 
more than one postfumigation examination of the insects 
to obtain an accurate mortality count. 

The range of variation as indicated by the confidence in- 
tervals intable3 was from + 3.3% to 50.4% mortality inthe 
different treatments. There is no apparent way to predict 
where, within this range, the results of a new set of experi- 


ments might fall. This emphasizes the importance of plan- 
ning experiments with adequate numbers of tests, espe- 
cially with a design including replicated series on different 
days. The data should be suitably and conveniently ar- 
ranged for statistical analyses. It is possible that the use 
of a reference fumigant having a known performance 
would aid in evaluation of varying results and give greater 
reliability. 

A relatively long fumigant exposure is particularly im- 
portant in the treatment of immature rice weevils. It is 
assumed that this condition is related to the penetration 
of the fumigant and other factors. This assumption is 
based in part on the theory that these immature forms, 
being surrounded by the wheat kernel, are protected from 
immediate contact with the fumigant vapors. Certain 
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Fic. 10.—Time required for development of immature rice 

weevils after sublethal fumigation with 80:20 (CCly:Cs») at 
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life stages of the insects are less active (metabolically) 
than others. Several workers, including Cotton (1932), 
Lindgren (1935), and Sun (1947), have reported various 
degrees of correlation between rates of metabolism and 
susceptibility to fumigants. Adkisson (1957) and Krohne 
& Lindgren (1958) have pointed out the difficulty in- 
volved in sorting out the different immature life stages of 
the rice weevil, especially the older immature stages. 
Since more than one stage was present in each age group, 
it is not known precisely which stage was responsible for 
different parts of the mortality line. Gross estimates of 
the relative susceptibilities were justified, however, on 
the premise that each of the three age groups for the im- 
matures represented a fairly narrow band in the total de- 
velopmental range. 

According to mathematical probability a 100% kill is 
not possible; however it is of great practical importance 
to estimate the LC,o0 values as in table 4, because those 
who fumigate stored grain wish to kill as many of the in- 
sects as they can with the most efficient use of time and 
money. This conclusion becomes even more significant in 
quarantine practices. 


Warrney & Haren: Facrors Arrectinc RevrABILiry oF Fumicant Broassays 949 


REFERENCES CITED 

Adkisson, P. L. 1957. The relative susceptibility of the life 
history stages of the rice weevil to certain fumigants. 
Jour. Econ. Ent. 50(6): 775-7. 

Cotton, R. T. 1932. The relation of respiratory metabolism 
of insects to their susceptibility to fumigants. Jour. 
Econ. Ent. 25(5): 1089-1103. 

Dennis, N. M., and W. K. Whitney. 1954. Screening pro- 
cedure for candidate fumigants for stored grain and 
grain products. U. S. Dept. Agric., Entomology Re- 
search Branch. E-878. 4 pp. 

Gunther, F. A., R. C. Blinn, G. E. Carman and J. L. Pappas. 
1958. Relation of structure of diphenylmethane de- 
rivatives to toxicity to Tribolium confusum Duv. 
Jour. Econ. Ent. 51(3): 385-90. 

Krohne, Harold E., and D. L. Lindgren. 1958. Susceptibility 
of life stages of Sitophilus oryza to various fumigants. 
Jour. Econ. Ent. 51(2): 157-8. 

Lindgren, D. L. 1935. The respiration of insects in relation to 
the heating and fumigation of grain. Univ. Minnesota 
Agric. Expt. Sta. Tech. Bull. 109. 

Sun, Yun-Pei. 1947. An analysis of some important factors 
affecting the results of fumigation tests on insects. 
Univ. Minnesota Tech. Bull. 177. 104 pp. 


Effect of Temperature on Spotted Alfalfa Aphid 
Reaction to Resistance in Alfalfa’ 


H. L. Hackerort and T. L. Harvey,? Fort Hays Branch, Kansas Agricultural Experiment Station, Hays 


ABSTRACT 


The effect of different temperatures on the response of spotted 
alfalfa aphids (Therioaphis maculata (Buckton)) was not the 
same on plants varying in aphid resistance. Aphid survival and 
reproduction were retarded relatively more at high than at low 
temperatures on a resistant as compared with a susceptible 
plant. It appeared that a resistant plant on which an aphid popu- 
lation could not be maintained at 80° would support a limited 
population at 60° F. 

Temperature influenced the reaction of adults and nymphs on 
resistant, intermediate, and susceptible plants in numerous 
ways. Optimum temperature for reproductive period, total re- 
production of adults, and numbers of nymphs which matured 
and reproduced decreased with an increase in resistance of the 
plants. Rates of reproduction decreased with a decrease in 


Temperature is known to affect the expression of vari- 
ous genetic factors in certain organisms. Included in these 
effects is the expression of resistance of plants to insects. 
To cite two examples, Dahms & Painter (1940) demon- 
strated that temperature affected the reaction of certain 
alfalfa plants to pea aphids (Macrosiphum pisi (Harr.)), 
and Cartwright ef al. (1946) reported a similar phenom- 
enon for hessian fly (Phytophage destructor (Say)) resist- 
ance in wheat varieties with certain genes for resistance. 

Although alfalfa plants resistant to spotted alfalfa 
aphids (Therioaphis maculata (Buckton)) are readily at- 
tainable, Hackerott et al. (1958), there have been indica- 
tions that resistance may be less effective at low than at 


temperature and with an increase in resistance of plants, and 
differences among plants were evident at all except the lowest 
temperature. A postreproduction period occurred on the sus- 
ceptible plant at temperatures from 60° to 90° F. but was not 
evident on the resistant and intermediate plants. The time re- 
quired for nymphs to mature and reproduce was longer at 60° 
than at 80° F. and appeared to be longer with an increase in re- 
sistance of the plants. Where resistance limited survival , adults 
appeared to survive longer than nymphs. 

Infested seedlings from both resistant and susceptible lines 
were killed more rapidly at high than at low temperatures, al- 
though final survival did not appear affected by temperature, 
indicating that resistant seedlings would perform satisfactorily 
under aphid infestation at cool temperatures. 


high temperatures. For example, Harvey & Hackerott 
(1956) reported a low rate of aphid survival at an average 
temperature of 75° F. on resistant compared with sus- 
ceptible plants selected from Buffalo alfalfa. However, 
when subsequent tests at lower temperatures showed in- 
creased survival of aphids on resistant plants, the present 
study wasinitiated. Similarly, Howe & Smith (1957) noticed 
that spotted alfalfa aphid nymphs unable to survive on 
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resistant plants were able to complete development on 
these plants in the field at cool fall temperatures. 

Although little is known regarding the effect of temper- 
ature on the response of spotted alfalfa aphids on resistant 
plants, the effects of seasonal temperatures on their re- 
action to susceptible plants have been reported by Dickin- 
son et al. (1955) and Harpaz (1955). They found that de- 
velopment and reproduction took place at a reduced rate 
at lower temperatures. 

This investigation was designed to compare the influ- 
ence of differential temperatures on spotted alfalfa aphid 
reproduction and development on susceptible, intermedi- 
ate, and resistant alfalfa clones and to determine the 
effect of temperature on survival of aphid-infested seed- 
ling progenies of resistant and susceptible plants. It was 
anticipated that data obtained would indicate whether 
resistance could be expected to be effective during the 
cool temperatures prevailing in early spring and late fall. 

MATERIALS AND EquipMEnt. Three alfalfa clones—78, 
247, and BS 10—representing resistant, intermediate, 
and susceptible classes, respectively, were used to meas- 
ure reproduction of adults and development of nymphs. 
These plants were selected from the susceptible variety 
Buffalo and classified for resistance by measuring repro- 
duction at 75° F. by a caged-leaf method. Clone 78 was 
the most resistant selection available; and although BS 10 
was not selected for extreme susceptibility, it appeared 
about average in susceptibility for the variety Buffa'o. 
Clone 247 was chosen from a group of clones less resistant 
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than 78 but not so susceptible as BS 10 to represent the 
intermediate class. Although aphid reaction to clone 247 
at 75° F. more nearly approximated the resistant than the 
susceptible class, it seemed probable that clones less re. 
sistant than 247 would not serve so well to represent the 
intermediate class at low temperatures. 

The leaf-cage assembly showing an infested trifoliate js 
illustrated in figure 1. A 3-inch section of stem with a 
single trifoliate taken from new growth of the three test 
clones growing in the greenhouse was inserted into a 23. 
X85-mm. shell vial which was filled with water and 
covered with masking tape. The glass tube enclosing the 
trifoliate was held in position with strips of masking tape, 
which were readily removed for extracting nymphs in the 
reproduction study. The open end of the leaf cage was 
covered with nylon cloth fastened with a rubber band. 

Excised rather than attached leaves were used to 
facilitate daily manipulation and counting of aphids. In 
preliminary trials resistant, intermediate, and susceptible 
clones remained in the same resistance class whether 
tested as excised or attached leaves. Comparable results 
in spotted alfalfa aphid reaction between cuttings and 
plants growing in the field were obtained by Howe & 
Smith (1957). Cuttings have also been used by Padilla & 
Young (1958) in studying the biology of the spotted al- 
falfa aphid. 

In the seedling survival trial, the effect of two tempera- 
ture levels on the mortality of the susceptible variety 
Buffalo was compared with the bulked polycross progenies 


. 1.—Temperature control chamber with ‘“window-type” air conditioner. Cage used to maintain 
aphids on excised leaves shown at right. 
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of 12 resistant clones selected from Buffalo. 

Temperatures were controlled by use of double-walled 
plastic chambers 2X23 X4 feet. Chambers maintained at 
60° and 70° F. were equipped with “‘window-type”’ air 
conditioners as illustrated in figure 1. The greenhouse 
temperature was maintained at 75° F. and two additional 
chambers were maintained at 80° and 90° F. with thermo- 
statically controlled electric heaters. Continuously oper- 
ated blowers kept temperatures within each cage uniform. 
All chambers were exposed to equal amounts of natural 
light at day lengths prevailing during March, April, and 
May. Although the equipment was not designed for pre- 
cise temperature control, the + 5° F. variation in tempera- 
ture was regarded as sufficiently accurate for the purpose 
of these studies. Relative humidity was not controlled but 
was undoubtedly high within the leaf cages. 

The aphids used in these tests were obtained from 
greenhouse cultures reared at about 75° F. on susceptible 
BS-10 clones. By appropriate transfers, adults in these 
tests were used within 18 hours after reproducing for the 
first time and nymphs studied were used within 18 hours 
after birth. Aphids were induced to move onto the test 
leaves with the aid of a camel’s hair brush. 

Meruops AND ProcepURE.—Survival and reproduc- 
tion of adults were determined on three classes of alfalfa 
plants, namely; resistant-, intermediate-, and susceptible- 
to-spotted-alfalfa aphids. These classes of plants were 
compared at four temperatures (60°, 70°, 80°, and 90° 
F.). Each clone was replicated eight times within each 
temperature level. A young reproducing adult was intro- 
duced on a caged leaf of each clone at all temperatures 
and the nymphs produced by each adult were recorded 
and removed daily until death of the adult. Daily removal 
of the nymphs increased accuracy of counts and aided in 
keeping the leaves in good condition. Data were obtained 
on length of reproductive period, total reproduction, rate 
of reproduction, and length of post reproduction period. 

The development and survival of nymphs on the same 
three classes of plants were compared at two tempera- 
tures, 60° and 80° F. Newly born nymphs were caged on 
50 leaves of each class of plant at each temperature. The 
presence of nymphs was recorded daily until they died 
or matured and reproduced. This procedure permitted 
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obtaining data on the numbers of nymphs maturing and 
reproducing and the time required to mature and repro- 
duce, as well as the survival of nymphs prior to reproduc- 
tion. 

To record aphid development, leaf cages were removed 
from the control chamber for not more than 5 minutes 
each day. Leaves showing signs of deterioration before 
completion of a trial were replaced with new leaves from 
the same clone in a few instances. 

Percentages of survival of seedlings of susceptible va- 
riety Buffalo were compared with survival percentages of 
polycross progenies of resistant selections from Buffalo at 
60° and 80° F. Susceptible and resistant entries were 
seeded in alternate rows in flats in 12 replications. Two 
weeks after planting approximately 1,500 seedlings per 
entry were placed in each temperature chamber and 
heavily infested by scattering spotted alfalfa aphids over 
the flats. Surviving seedlings were counted 2, 4, and 6 
weeks after infestation. 

Resutts.—Adult Reproduction.—The mean reproduc- 
tion period in days and total as well as rate of reproduc- 
tion of eight apterous adults on each of three classes of 
plants at four temperatures are shown in table 1. Length 
of reproductive life was significantly shorter on the re- 
sistant clone than on the susceptible, regardless of tem. 
perature, and significantly less than the intermediate 
clone at the two lower temperature levels, 60° and 70° F. 
Length of reproductive life was significantly longer on 
susceptible than the intermediate clone at all temperature 
levels. As the temperature decreased, length of reproduc- 
tive period increased on all classes of plants. However, 
there was a significant interaction of clones Xtempera- 
tures. Thus the reproductive period on resistant and inter- 
mediate clones was relatively longer than for the suscep- 
tible clone at low compared with high temperatures. For 
example, in comparing the response of 60° vs. 80° F., the 
length of reproductive life on the susceptible clone was 
about twice as long at 60° as at 80° F. while the corre- 
sponding increase on the resistant clone was more than 
10-fold. 

Althongh reproductive period was significantly longest 
at 60° F. on all classes of plants, total reproduction per 
adult was significantly highest at 70° and 80° F. for the 


Table 1.—Effect of temperature on reproduction of 8 apterous adult aphids on 3 classes of alfalfa clones (78 resistant; 247 


intermediate; BS 10 susceptible). 
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Table 2.—Effect of temperature on development of 50 spotted alfalfa aphid nymphs on each of 3 classes of alfalfa )\ants 


(78 resistant; 247 intermediate; BS 10 susceptible). 
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Nympus ALIVE ON 
5TH Day 


Nympus Maturina 
AND ReprorucinG 


Days REQUIRED TO Ma- 
TURE AND REPROD! cE 


AVERAGE Days SURVIVED 
Prior To ReprRoDuUCING 














CLAss OF 


PLaNTS 60° F. 80°F, 6)° F, 


80° F, 


89° F, 


6)° F, 80° F. 60° F. 





Resistant 25 0 5 
Intermediate 43 14 25 


0 
9 


Susceptible 49 49 45 48 


8 1 21 
14 2 20 
17 6 19 





susceptible clone, 60° and 70° F. for the intermediate, and 
60° F. for the resistant clone (table 1). Significantly more 
nymphs per female were produced on the susceptible 
clone than on the resistant and intermediate clones at all 
temperatures. Likewise, more nymphs per adult were 
produced on the intermediate than on the resistant clone 
at all temperatures, but differences in reproduction were 
not significant except at the lower temperature levels, 60° 
and 70° F. The relative ranking of the three clones on 
total nymph production did not change regardless of 
temperature, but the interaction of clones X temperatures 
was significant at the 1% level. The significance of the 
interaction appears to be due to the marked increase in 
reproduction on resistant clone at 60° F. and on the inter- 
mediate clone at 70° and 60° F. While reproduction on the 
susceptible clone was highest at 70° and 80°, it exhibited 
a marked decline at 60° F. and 90° F. The increased total 
reproduction on resistant and intermediate clones at 
lower temperatures may be attributed to an increase in 
number of days of adult reproductive period at 60° and 
70° F. On the other hand, the greatest reproduction on 
the susceptible clone occurred at 70° and 80° F. because 
the increase in rate of reproduction at these temperatures 
was accompanied by only a moderate decrease in length 
of reproductive period. Also, total reproduction was low- 
est at 90° F. since the decrease in length of reproductive 
life was sufficient to offset the high rate of reproduction. 

The interaction of clones X temperatures with respect 
to rate of reproduction (nymphs per adult per day) was 
highly significant. The rate of reproduction increased on 
the resistant clone with an increase in temperature up to 
80° F., but not significantly. Reproduction rate was sig- 
nificantly higher at 90° than at 60° F. on the intermediate 
clone, and the rate of reproduction at 80° and 90° was 
significantly higher than at 60° F. for the susceptible 
clone. Significant differences in rates of reproduction 
could not be demonstrated among the clones at 60° F., 
but rates tended to be lower with an increase in resistance 
of the clones. Although rates of reproduction at ail tem- 
perature levels were greater on susceptible than on the 
intermediate clone, the only significant and marked in- 
crease in rate was at 80° F. The rate of aphid reproduc- 
tion was higher on intermediate than on the resistant 
clone at all temperatures, but differences were significant 
only at 90° F. However, the rate of reproduction was 
difficult to determine on resistant and intermediate clones 
at high temperatures because of the short period of repro- 
ductive life. 

A postreproduction period, not included in the table of 
data, on the susceptible clone averaged 7 days over all 
temperatures. Harpaz (1955) reported a similar postre- 


production period for spotted alfalfa aphids on susceptible 
plants. In contrast, adults did not survive longer than 1 
day on resistant and intermediate clones after reproduc. 
tion ceased. 

Nymph Survival and Development.—The reaction of 
nymphs on resistant, intermediate, and susceptible clones 
at 60° and 80° F. is shown in table 2. A chi-square test for 
independence showed a significant interaction of clones X 
temperatures for the survival of nymphs (numbers alive 
out of 50 nymphs on fifth day) and for the numbers of 
nymphs which matured and reproduced. Although 
nymphal survival was lower on resistant and intermediate 
clones than on a susceptible clone at both temperatures, 
the relative reduction in survival was greater on the re- 
sistant and intermediate clones at 80° than at 60° F. The 
numbers of nymphs becoming adults appeared about 
equal on the susceptible clone at the two temperatures. 
In contrast, the intermediate clone had three times as 
many nymphs reaching adult stage at 60° as at 80° F.; 
and although no nymphs matured on the resistant clone 
at 80° F., 5 of the 50 nymphs matured and reproduced at 
60° F. The time required to reproduce was about three 
times as long at 60° as at 80° F., and appeared to increase 
with an increase in resistance of the clones. 

It appeared that adults were capable of surviving longer 
than nymphs on the resistant clone. For example, the 
adults reproduced for 22 days on the resistant clone at 
60° F. (table 1) while nymphs survived 8 days on the 
same clone at the same temperature (table 2). 

Seedling Survival.—Percentages of survival of seedling 
progeny of resistant and susceptible plants at 60° and 80° 
F. are compared at 2, 4, and 6 weeks after aphid infesta- 
tion in table 3. Mortality of seedlings was more rapid at 
80° than at 60° F. in both classes of plants. An analysis of 
variance of percentage data, transformed to arcsin scale, 
on the 14th day after in.‘*station showed a significant in- 
teraction of classes of sec lings Xtemperature. This was 


Table 3.—Effect of temperature on percentages of sur- 
vival of resistant and susceptible alfalfa seedlings following 
infestation with spotted alfalfa aphids. 





Per Cent Survivau (Days AFTER INFESTATION) 








l4 28 42 
CLASS OF -— - nee ee 
SEEDLINGS 60° F. 80°F. 60 F. 80°F. 60° F. 


80° F. 


Resistant® 96 89 66 46 49 
Susceptible> 56 14 2 1 0.2 0.8 





® 1,500 polycrossed progenies of 12 clones resistant to spotted alfalfa aphids. 
> 1,500 seedlings of the variety Buffalo. 
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due to relatively greater mortality of seedlings at 80° F. 
compared with 60° F. for the susceptible class than for 
the resistant seedling progenies. Seedling progeny of re- 
sistant plants were significantly higher in percentage 
survival at 60° than at 80° F. on both the 14th and 28th 
days and on the susceptible seedlings on the 14th day. 
Fina! survival counts on the 42nd day approached zero 
for susceptible Buffalo seedlings at both temperatures 
and varied from 44% at 80° F. to 49% at 60° F. for the 
resistant class. The latter differences were not significant. 

Discussion.—The advantage of resistant and inter- 
mediate over a susceptible plant in retarding spotted al- 
falfa aphid reproduction and development was relatively 
greater at high than at low temperatures. Although it 
may be desirable to evaluate the effect of lower tempera- 
tures, aphid reproduction and development were suffi- 
ciently retarded at 60° F. on the resistant clone that re- 
sistance may remain effective. That normal development 
of adults was inhibited by resistant and intermediate 
plants at all temperatures was also shown by lack of a 
postreproduction period on these plants. Nearly equal 
survival of seedling progeny of resistant plants at 60° and 
80° F. indicated probable satisfactory performance of re- 
sistance at low temperatures under aphid infestation. 

The three clones chosen to represent susceptible, inter- 
mediate, and resistant classes may not be typical of plants 
carrying other genetic factors concerned with resistance. 
However, general observations of many clones of a wide 
spectrum of resistance indicated that the types of differ- 
ences reported are those commonly observed. 

As in the case of the results of the present study on 
spotted alfalfa aphids, optimum temperature for pea 
aphid reproduction and survival according to Dahms & 
Painter (1940) was also several degrees higher for suscep- 
tible than for apparently resistant alfalfa plants. They 
suggested that a deficiency in available food for pea aphids 
in resistant plants would be more detrimental at high 
temperatures, since the metabolic rate of the aphids 
would be increased. This suggestion may also explain the 
differential response of spotted alfalfa aphids to tempera- 
ture on susceptible and resistant plants. Moreover, if re- 
sistance were attributable to a toxin, an increased meta- 
bolic rate would also appear to be more harmful to aphids 
at higher temperatures. 

Although temperature seems to affect pea and spotted 
alfalfa aphid resistance similarly, an opposite reaction to 
temperature for hessian fly resistance occurs. Cartwright 
et al. (1946) showed that fly infestations were relatively 
greater at high than at low temperatures for certain re- 
sistant compared with susceptible wheats. They were un- 
able to determine if the effects of temperature were due 
solely to response of host plant or a combined response of 
both host and insect, but they indicated resistance of the 
host plant was affected. Painter (1951) considered that 
the effect of temperature on hessian fly resistance may be 
attributed to the effect of temperature on rate of plant 
growth. 

Because no method was. available to maintain aphids 
and plants at different temperatures simultaneously, it 
Was impossible to determine whether effects of tempera- 
ture were due primarily to response of the aphids or the 
plants. However, observations made in conjunction with 
this study indicated that the expression of resistance in 
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plants preconditioned for 3 weeks at 60° and 80° F. was 
not affected when evaluated for aphid reaction at a com- 
mon temperature. Moreover, the resistance expression of 
a single trifoliate was not altered when the remainder of 
the plant was maintained at either higher or lower tem- 
peratures. Possibly a change in resistance in one part of a 
plant could not be transferred to another part since it has 
been demonstrated (Harvey & Hackerott 1958) that 
spotted alfalfa aphid resistance was not transferred to a 
susceptible scion on a resistant plant. 

In considering the relative merits of evaluating plants 
for resistance at different temperature levels, it appears 
that resistant and intermediate plants may be distin- 
guished from susceptible at all temperature levels studied 
but more readily at high than at low temperatures. To 
identify degrees of resistance or to separate resistant and 
intermediate classes, testing at lower temperatures may 
be more effective for all aphid reactions measured except 
rate of reproduction. Survival of nymphs appeared to be a 
more sensitive indicator of resistance than survival or 
reproduction of adults. It appears that the higher the 
level of resistance in a plant at high temperatures. the 
more resistance it will exhibit at low temperatures. How- 
ever, it may be desirable to test for resistance at both high 
and low temperatures, especially if plants exist with genes 
for resistance which are more effective at low than at high 
temperatures. 

Although otherenvironmental factors, such as humidity 
and light, may also affect the expression of resistance, it is 
evident that temperature is an important factor in affect- 
ing reaction of spotted alfalfa aphids to resistance in al- 


falfa. 
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Screening Tests in 1957 with Synthetic Compounds for Toxicity to 
House Flies when Applied in Space Sprays! 


P. G. Piquerr and W. A. Gersporrr, Entomology Research Division, Agric. Res. Serv., U.S.D.A. 


ABSTRACT 


The results of preliminary evaluations of 107 synthetic com- 
pounds when applied as space sprays to the house fly, Musca 
domestica L., are reported. Eleven compounds, all but one esters 
of dl-cis-trans-chrysanthemumic acid, phosphoric acid, or a sub- 
stituted phosphonic acid, were sufficiently toxic to warrant 
further study. 


In connection with the insecticide screening program 
of the Entomology Research Division preliminary evalua- 
tions are made against the house fly, Musca domestica L. 
(Piquett & Gersdorff 1958). The results of such tests with 
107 compounds? are reported in this paper. 

The compounds were tested as solutions in refined 
kerosene (Deobase) at a concentration of 20 mg. per 
milliliter. Acetone was sometimes added as an auxiliary 
solvent, but because these compounds proved to have no 
or negligible toxicity, no correction was needed for the 
presence of this solvent. 

Sprays containing 1, 2, and 4 mg. of pyrethrins per 
milliliter of Deobase were used as standards of compari- 
son. Mortalities were determined by the Campbell turn- 
table method in duplicate tests against laboratory- 
reared house flies of the National Association of Insec- 
ticide and Disinfectant Manufacturers’ 1948 strain. 
About 100 flies averaging 2 to 3 days in age were used in 
each test. 

Eleven compounds caused considerable mortality at 
the concentration tested. All but one are esters of dl-cis- 
trans chrysanthemumic acid, phosphoric acid, or a sub- 
stituted phosphonic acid. Their approximate rating in 
comparison with pyrethrins (100%) is given in table 1. 
These estimations were obtained in a comparison with 
the results from the standard sprays against the per- 
tinent population of flies. The first nine compounds 
knocked down 60% or more of the flies. Further study is 


Table 1.—Results of tests with the 11 
most toxic to house flies when applied in 


compounds found 
space sprays. 





Per Cent Mortaity Per Cent 
- RATING 

Pyrethrins - 

Compared 


Com- 1 2 4 with 
Compounp pound Mg. Mg. Mg.  Pyrethrins 
Chrysanthemumic acid, 6-bromo- 
piperony! ester 100 21 53 81 40" 
Phosphonie acid, 1-butyryloxy-2,2,2- 
trichloroethyl]-, dimethy] ester 100 18 387 81 40" 


Phosphoric acid, diethy] 2,4-dimethy]- 

benzy] ester 97 ae ak: 38 
Chrysanthemumic acid, 

3,4-dimethylbenzy] ester 90 26 

3-allyl-4-methoxybenzy] ester 46 4. fh .@ 22 
Phosphoric acid, 





diethyl! 3,4-dimethylbenzy] ester 67 . 2 15 

diethyl] 2-methylally] ester 23 9 37 179 7 
Chrysanthemumic acid, 

o-(2-methylallyloxy) benzy] ester 30 28 53 84 6 

6-nitropiperony] ester 49 45 68 9 5 

$-methoxy-4-(2-methylally]) benzy] 

ester 22 28 53 84 + 

Acetaldehyde, ethyl pheny] acetal 13 45 58 9 2 

au 


Possibly much greater, since test compound caused 100% mortality. 
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- 
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warranted with most of these compounds because of high 
toxicity or chemical relationship or both. 

The remaining 96 compounds caused negligible or no 
mortality. These ineffective compounds represent a num- 
ber of molecular types and are listed below. 


Acetaldehyde, 
2-(2-ethoxyethoxy)ethyl 3-(3’,4’-methylenedioxypheny!)pro- 
pyl acetal 
2-(2-ethoxyethoxy)ethyl a-methylpiperony! acetal 
3-(2-bromo-4,5-methylenedioxyphenyl)-2-methylpropy] isobu 
tyl acetyl 
2-(2-butoxyethoxy)ethyl 2-(2-ethoxyethoxy)ethy! acetal 
2-(2-butoxyethoxy)ethyl isobutyl acetal 
butyl heptyl acetal 
butyl 1-methylheptyl acetal 
butyl p-methoxybenzyl acetal 
butyl 2-methyl-3-(3,4-methylenedioxyphenyl) propyl acetal 
2-(2-ethoxyethoxy)ethyl heptyl acetal 
2-(2-ethoxyethoxy)ethyl 3-methoxybuty] acetal 
2-(2-ethoxyethoxy)ethyl p-methoxybenzyl acetal 
2-(2-ethoxyethoxy)ethyl 1-methylheptyl acetal 
isobutyl heptyl acetal 
isobutyl p-methoxybenzy] acetal 
isobutyl m-methylbenzyl acetal 
isobutyl 1-methylheptyl acetal 
isobutyl phenyl acetal 
isobutyl 6-propylpiperony! acetal 
phenyl-diethy! acetal 
Acetic acid, (3,4-methylenedioxyphenyl)-, methyl ester 
Acrylic acid, 
3-(2-bromo-4,5-methylenedioxyphenyl)-2-phenyl-, ethyl ester 
3-(2-chloro-4,5-methylenedioxyphenyl)-2-phenyl-, ethyl ester 
3-(o0-methoxypheny])-2-phenyl-, methyl ester 
3-(p-methoxyphenyl)-2-phenyl-, ethyl ester 
3-(p-methoxyphenyl)-2-phenyl-, methyl ester 
Acrylamide, N,N-diethyl-3-p-methoxypheny]- 
N,N-diethyl-3-(3,4-methylenedioxypheny])-2-phenyl- 
o-Anisaldehyde, diethyl acetal 
p-Anisaldehyde, diethyl acetal 
Benzaldehyde, 
o-(allyloxy)-, diethyl acetal 
p-isopropyl-, diethyl acetal 
o-(2-methylallyloxy)-, diethyl acetal 
Benzene, 
4-[3-(1-isobutoxyethoxy)-2-methylpropyl]-1,2-methylenedi- 
oxy- 
1,2-methylenedioxy-3,4,5-trichloro- 
Bicyclo[2.2.1]hept-2-ene, 5-butoxy-1,2,3,4,7,7-hexachloro- 
2-Butanol, 3,4-dibromo-2-methyl- 
Chrysanthemumic acid, 
3-allyl-4-ethoxybenzyl ester 
a-allyl-p-isopropylbenzyl ester 
2-allyl-4,5-methylenedioxypheny| ester 
2-allyloxy-3-methoxybenzyl ester 
2-(3-allyloxy) naphthalenemethy| ester 
benzhydry] ester 
2-bromo-4,5-methylenedioxyphenyl ester 
p-tert-butylbenzyl ester 
! Accepted for publication April 21, 1959. 


2? Synthesized by W. F. Barthel, B. H. Alexander, and R. 'T. Brown, cliemists 
of the Entomology Research Division. 
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a-butylpiperonyl ester 
a-lert-butylpiperonyl ester 
a-cyclohexylpiperony! ester 
2,3-dibromo-1,1-dimethylpropyl ester 
9-(3-ethoxy)naphthalenemethyl! ester 
t-mmethoxy-3-(2-methylallyl) benzyl ester 
2-(3-methoxy) naphthalenemethyl ester 
3-methoxy-2-propoxybenzyl ester 
a-(2-methylallyl) piperonyl ester 
6-methyl-3-cyclohexene-1-methyl ester 
3,4-methylenedioxybenzhydryl ester 
p-methyl-e-propylbenzyl ester 
2-naphthyl ester 
a-naphthylmethyl ester 
a-phenethylpiperonyl ester 
phenyl ester 
p-phenylbenzyl ester 
8-propylpiperony] ester 
2,4,6-trimethyl-3-cyclohexene-1-methyl ester 
thymyl ester 

Cinnamaldehyde, diethyl! acetal 

1,1-Cyclobutanedicarboxylie acid, diethyl ester 

3-Cyclohexene-1-carboxaldehyde, 
diethyl acetal 
1-methyl-, diethyl acetal 

5-Hexenoic acid, 6-(3’,4’-methylenedioxyphenyl)-4-oxo-, ethyl 
ester 

1-Naphthamide, 
N,N-diethyl-N,N-dipropyl- 

Phenol, 
2-bromo-4,5-methylenedioxy-, acetate 
m-methoxy-, acetate 
3,4-methylenedioxy-, acetate 
2-nitro-4,5-methylenedioxy-, acetate 
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Phosphoric acid, 
allyl diethyl ester 
diethyl m-methylbenzyl ester 
diethyl 2-propynyl ester 
Piperitone 
Piperonal, diethyl acetal 
1-Propanol,3-(2'-bromo-4’,5’-methylenedioxypheny])-2-methyl-, 
acetate 
Propionaldehyde,2,2,3-trichloro-, diethyl acetal 
Propionic acid, 
3-(o-methoxyphenyl)-2-phenyl-, methyl ester 
3-(p-methoxyphenyl)-2-phenyl-, ethyl ester 
3-(p-methoxyphenyl)-2-phenyl-, methyl ester 
3-(3,4-methylenedioxyphenyl)-, ethyl ester 
3-(3,4-methylenedioxyphenyl)-, methyl ester 
3-(3’,4’-methylenedioxyphenyl)2-phenyl-, ethyl ester 
3-(3’,4’-methylenedioxyphenyl)2-phenyl-, methyl ester 
Pyran, 
tetrahydro-2-(2-allyl-4,5-methylenedioxyphenoxy) - 
tetrahydro-2-piperonyloxy- 
Tropic acid, 
8-(3,4-methylenedioxyphenyl)-, ethyl ester, acetate 
8-(3,4-methylenedioxyphenyl)-, methyl ester, propionate 
B-(3’,4’-methylenedioxyphenyl)-, methyl ester, acetate 
Veratraldehyde, diethyl acetal 
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The Biology and Seasonal Development of the Vetch Bruchid, 
Bruchus brachialis Fahraeus, in Oregon! 


ALLEN L. STEINHAUER?, 


ABSTRACT 


The first adults of the vetch bruchid (Bruchus brachialis 
Fahraeus) emerged from hibernation in the Willamette Valley 
of Oregon during the latter half of April of 1954 and 1955. Adults 
continued to emerge until field populations reached their peak 
in late May and the early part of June. Mating occurred shortly 
after emergence and oviposition began when the first pods ap- 
peared on hairy vetch (Vicia villosa Roth) from June 10 to 18. 
Oviposition continued through July into the beginning of August, 
at which time most of the pods on vetch were mature. The field 
populations of adult bruchids declined steadily from the time of 
peak abundance until early August, when none were to be found. 


The veteh bruchid, Bruchus brachialis Fahraeus, is one 
of the most serious pests of vetch seed in the United States. 
The larva destroys the seed by completely devouring its 
contents. The bruchid is believed to have originated in 
the Mediterranean area where it fed on various wild 
species of Vicia. In the United States it was first collected 
in the field in New Jersey in June of 1930. The first 
Oregon record of this pest was 1936 (Rockwood 1945), 


The eggs began hatching near the end of June and new larvae 
continued emerging until early August. The larvae penetrated 
the pods and began feeding within individual seeds. Larval de- 
velopment was evident within the seeds until late September. 
The first pupae appeared in mid-August, and the first new 
generation adults at the beginning of September. Newly emerged 
adults apparently sought hibernation sites soon after emergence, 
since they were rarely collected in the field. Many of the adults 
did not emerge from the seeds in the fall and remained alive in 
storage bins and granaries until the following spring. 


and by 1942 it had become sufficiently abundant in this 
area to limit the production of hairy vetch seed. Ade- 


1 Part of a thesis submitted in partial fulfillment of the requirements for the 
degree of Master of Science at Oregon State College, June 1955. Accepted for 
publication April 21, 1959. 

2 Assistant Professor, Entomology Department, University of Maryland. 

The author acknowledges the assistance and criticism of Dr. W. P. Stephen, 
Assistant Professor of Entomology, Oregon State College, and Mr. E. A. 
Dickason, Assistant Entomologist, Oregon Agricultural Experiment Station. 
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quate control measures were devised by Rockwood & 
Reeher (1946), but detailed information on the biology 
and seasonal development of this insect in Oregon was 
never reported. This paper presents data collected during 
1954 and 1955 in Benton and Polk Counties of Oregon. 

EmerGence.—In 1954 and 1955, the first adults ap- 
peared during the last week of April in the mid-Willam- 
ette Valley. The males reached peak abundance in the 
latter part of May, after which their numbers declined 
rapidly. Females, on the other hand, were not taken until 
10 days after the first males appeared and reached a peak 
in the latter part of June. Table 1 presents the data on 
the relative abundance of males and females taken from 
collections in 12 fields during 1954 and 1955 in Polk 
County. The numbers of bruchids were determined by 
averaging the number of adults taken per 100 sweeps in 
each of the 12 fields. 

Although a 1:1 sex ratio was determined on the basis 
of 1,100 adults reared from larvae during 1954, this 
ratio was observed in the field for but a few days in the 
latter part of May. 

MatTING AND Oviposition.—Matings were observed in 
the field as soon as females began to emerge, and con- 
tinued until the second week of June. At this time the 
first pods appeared and the incidence of males declined 
sharply. Several attempts to force matings of the bruchids 
in the insectary were unsuccessful. Large numbers were 
confined to small cartons so that males and females 
could not possibly avoid contact, but no matings were 
observed. 

Oviposition was noted as soon as the young pods were 
present on hairy vetch, and it continued throughout the 
lives of the females or until the pods had matured. In 
1954 this period extended from June 15 until August 4. 
The duration of oviposition approximated the 6-week 
period reported by Randolph & Gillespie (1958) in Texas. 

The most frequent site of oviposition was along the 
margin of the valve of the pod, about one-eighth of an 
inch from the edge. Occasionally eggs were deposited 
seemingly at random over the pod, with some noted at 
the base of the pod and others on the petiole. The number 
of eggs per pod was closely related to the stage of devel- 
opment of the pods in relation to bruchid abundance. 


Table 1.—Relative abundance of female and male Bruchus 
brachialis. 





Sex Ratio 


ADULTS PER 100 SWEEPS 
Males Females Males 


SAMPLING 
Date Females 


May 1 0: 
May 10 1 
May 20 1 
May 26 1 
May 30 1 
June 7 1 
June 15 1 
June 25 Tes 
1 . 
1 
1 
1 
1 
1: 


1.00 
73.38 
2.20 
1.20 

.96 


.53 


July 2 

July 12 
July 16 
July 23 
July 29 
Aug. 4 
Aug. 9 
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Examination of numbers of pods of the same maturity 
taken from the same area indicated that the females 
oviposited in an erratic manner, for some pods were 
egg-free while others had as many as 53 eggs. 

No oviposition was noted in the field prior to the for. 
mation of the hairy vetch pods even though dissection of 
several females revealed fully formed eggs in the oviduets, 
However, when ovipositing females were confined to 
glass tubes lacking vegetative material, eggs were de- 
posited on the glass. This would indicate that there is g 
limit to the period of egg retention, particularly after 
oviposition has begun. 

Females were collected from the field just prior to the 
formation of vetch pods and introduced into lantern 
chimneys containing fresh vetch racemes with pods, 
The confined females lived from 3 to 13 days and pro- 
duced an average of 24 eggs each. One female laid 62 
eggs during confinement and another laid 25 eggs during 
a single day. All the females were dissected upon their 
death and in each specimen both the oviducts and ovaries 
contained numerous eggs. Our inability to maintain the 
bruchid under insectary conditions and the absence of 
knowledge of adult longevity render it impossible to 
estimate the fecundity of the female. It is likely that the 
egg laying potential is several times the average number 
observed in these confinement studies. 

IncuBaTion.—Two experiments were conducted to 
determine the incubation period of the eggs of the vetch 
bruchid. The first was conducted from June 24 to July 27, 
1954, using 264 eggs in insectary cages and 35 eggs tagged 
in the field. The incubation period ranged from 13 to 21 
days with a mean of 14.6 in the insectary, and 12 to 19 
days with a mean of 15.1 in the field. Temperature records 
maintained in the insectary showed a mean maximum 
temperature of 74.9° F., mean minimum of 50.8 ° F., and 
a mean of 62.9° F. 

The experiment was repeated from July 26 to August 
9, using 107 eggs in the insectary and 33 in the field. The 
incubation period ranged from 10 to 15 days, with an 
average of 11.9 in the insectary, and 9 to 16 days with an 
average of 12.1 in the field. The insectary temperature 
records during this period were a mean maximum of 
81.1° F., a mean minimum of 52.2° F., and a mean of 
66.7° F. 

The 15- and 12-day incubation periods differ consid- 
erably from the 4- to 5-day period reported in Texas 
(Randolph & Gillespie 1958), and from the 8 days re- 
ported by Pinckney (1937) in New Jersey. 

An attempt was made to determine the effect of mean 
temperatures on the period of incubation. Individual 
records of the incubation period of each of more than 
300 eggs were kept, and the mean temperatures for the 
incubation of each calculated. The data are presented in 
table 2. Except for the last six eggs the data illustrate 
that an increase in the mean developmental temperature 
causes a decrease in the length of incubation. An exposure 
to higher mean temperatures was not undertaken. Means 
above 67° are rare in the area under study. 

Egg mortality records were kept in the insectary ex- 
periments, and of 331 eggs laid, 60, or 18.1% did not 
hatch. No similar field records were kept, but observa- 
tions of many pods in the field indicated that egg mor- 
tality ran as high as 50%. Cheng (1947), in studying 4 
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Table 2.—Length of time for egg development with the 
corresponding mean temperatures ° F. 
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Table 3.—Number of days from hatching of egg to end of 


stage shown. 








—_—_— 


LenatH oF TIME 
FOR DEVELOPMENT MEAN TEMPERATURE 
» 


No. oF Eags (Days) (° F.) 


LARVAL INSTAR 


I Ill IV 





Pupa 





10 66. 
ll 66. 
12 66. 
13 62. 
14 62. 
15 61. 
16 61. 
17 62. 
18 59. 
19 63. 
20 63. 
21 63. 


mm Or OO OO Or CO OO OO 





bean weevil. Bruchus sp., attributed a high mortality of 
eggs to the direct rays of the sun. Since sunlight was the 
only apparent variable between field and insectary, it 
may well be the cause of the higher egg mortality in the 
field. 

LarvAL DeveLopMENT. The fully formed larva within 
the egg bores directly through the chorion of the egg and 
the valve of the pod to gain entry. In 1954 the first eggs 
hatched during the last few days of June. Hatching of the 
eggs continued until mid-August. The newly hatched 
larva enters a seed by chewing a tiny hole in the seed 
coat. The larva remains within the seed throughout the 
rest of its development. 

The mean widths of the head capsules of each of the 
four instars corresponded very closely with those reported 
by Randolph & Gillespie (1958) but the range of varia- 
tion within each instar of the Oregon material was not so 
extensive. 

To determine the developmental rate of the larval in- 
stars, 200 field pods with newly laid eggs were tagged. 
These pods were observed daily until the first egg had 
hatched on each pod, at which time the remaining eggs 
were removed. Several pods were removed each day after 
hatch of the eggs and taken into the laboratory. The 
seeds were then dissected and the included larval head 
capsule measurement taken to determine the stage of de- 
velopment. Dissection of the seeds was continued for 75 
days. The data summarized in table 3 presents the mini- 
mum and maximum period of time necessary for the de- 
velopment of each of the four larval instars. The first 
record for the completion of the fourth larval instar oc- 
curred 46 days after hatching and the first adult did not 
appear for 67 days. These data differ greatly from those 
of Pinckney (1937), who reported the average length of 





Minimum 25 35 46 67 
Maximum 33 53 72 75+ 





the larval stage to be approximately 2 weeks in North 
Carolina, and from those of Randolph & Gillespie, who 
recorded in Texas, the first adults 22 days after the egg 
was laid. The difference is even more striking when the 
average 12-day incubation period is added to the develop- 
mental periods cited above. 

Pupation. The first pupae was discovered in mid- 
August and the minimum time for development from 
hatching of the eggs to the pupal stage was 46 days. The 
earliest record of completion of the pupal stage was 67 
days after hatching. 

New GENERATION ApDULTs. New generation adults first 
appeared during the first week of September in 1954. The 
maximum times for both the pupal and adult stages were 
not determined, owing to a shortage of tagged material 
at this late date. 

The adults emerge from the seeds by forcing out a disk- 
shaped cap in the seed coat, which the last instar larvae 
prepare before pupation. The adults do not emerge until 
dehiscence of the pod, since they are unable to penetrate 
the dry pod. The newly emergent adults seek hibernating 
sites and were found to spend the winter in protected 
places, such as cracks in fence posts, under lichens and 
loose bark on trees, and in trash and weeds along fence 
rows. Grain storage bins and granaries provide the most 
common overwintering site, as considerable hairy vetch 
seed is present among the harvested grain. Many adults 
do not emerge from the seeds until the following spring. 
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Free-choice Administration of Ronnel in a Mineral 
Mixture for the Control of Cattle Grubs! 


Wa. M. Rocorr and Paut H. Kouter,? South Dakota Agricultural Experiment Station, Brookings 


ABSTRACT 


Technical ronnel incorporated in a 3:1 salt-bonemeal mixture 
was made available on a free-choice basis to cattle grub-infested 
calves for periods of 28 to 66 days. Outstanding control (100%) 
was achieved at concentrations of 48 and 40 grams ronnel per 
pound of mixture for 66 days. Inadequate control was obtained 
at lower levels (16 grams per pound) and over shorter periods 
(28 days). Six-fold variations in average total mineral consump- 
tion (0.31 to 1.88 oz. per day) were observed. Accompanying 
physiological events such as reduced erythrocyte cholinesterase 
activity (as low as 21% of pretreatment activity) and transient 
weight gain depression at higher levels of ingestion suggest that 
further research with this or other appropriate systemic chemi- 
cals be pursued before general recommendations for use be made. 


Within the past few years a number of compounds 
have been developed that have a high degree of systemic 
effectiveness against cattle grubs, Hypoderma lineatum 
(De Vill.) and H. bovis (L.), as well as against a wide 
variety of other arthropod endo- and ectoparasites of 
livestock. These compounds have been administered 
orally, externally applied as sprays, and by parenteral in- 
jections. The choice of method of administration is par- 
tially dependent on the characteristics of the individual 
compound, and on the management practice most suit- 
able for the individual livestock producer. 

When a disease is of high morbidity and of unusual 
occurrence, the mode of administration of a medication 
may be quite difficult and still gain acceptance. Cattle 
grub infestations produce no high morbidity nor are they 
of unusual occurrence. Despite high total losses in the 
packing plant, the losses that accrue to the individual 
cattle producer are by no means obvious. When the cattle 
producer is managing a range rather than a feed-lot, his 
losses must be of sufficient magnitude to justify the time 
and expense of assembling cattle and providing individual 
treatment. Under such conditions self-treatment by the 
animals themselves would be highly desirable. 

Self-treatment by cattle is obviously less precise than 
any method involving individual handling of stock. That 
such methods can become highly valuable additions to 
routine management practices is shown by the high degree 
of horn fly (Siphona irritans (L.)) and louse control ob- 
tainable with self-treatment rubbing devices (Rogoff & 
Moxon 1952, Hoffman 1954). Despite their limitations 
these, and a variety of similar devices, have become ac- 
cepted in standard management practices because of 
their relatively high effectiveness coupled with extremely 
low cost of operation. 

Current range practices in South Dakota do not involve 
extensive use of feed supplements in summer and fall, but 
are adaptable for the feeding of salt or salt-mineral mix- 
tures. This paper describes attempts during the past 3 
years to evaluate the possibilities of providing a systemic 
insecticide to cattle by allowing free-choice access to a 
low concentration of a candidate compound in a salt-min- 
eral mixture. The candidate compound of choice when 


these experiments were initiated was ronnel (0,0-di. 
methyl O-(2,4,5-trichlorophenyl) phosphorothioate), also 
designated Dow ET-57. These experiments have served 
as a pilot study for self-treatment of cattle with systemic 
insecticides. 

Review or LireraturEe.—Little has been reported 
previously on the use of mineral mixtures as carriers for 
systemic insecticides. Radeleff & Woodard (1956) dis- 
cussed the problems involved in such oral administration, 
The early promise of phenothiazine in free-choice inges- 
tion studies (Schwartz et al. 1954) was not confirmed by 
later work (Rogoff & Kohler 1956). Despite the limited 
work on mineral mixtures, a fair amount is known about 
continuous low-level feeding of systemic insecticides in 
feed supplements. Neither the work with feed supple- 
ments of Riedel ef al. (1955) nor of Roberts et al. (1957) 
confirmed the earlier, apparently successful, use of pheno- 
thiazine. 

The announcement of the high efficacy of ronnel as 
an oral drench (Lindquist 1956) opened the way for ex- 
periments with this material on a low-level, free-choice 
basis. Experiments with this insecticide were initiated 
shortly after it became available in 1956, by ourselves and 
by others. Preliminary reports of these experiments have 
appeared in scattered publications (Rogoff 1957, Rogoff 
et al. 1957). That portion of our work dealing with feed 
additives will be published separately. 

Sturdy (1958a, 1958b) indicated high effectiveness with 
this compound when mixed with a protein supplement 
and fed to calves at 4.25, 8.5, and 17.0 mg./kg. daily for 
8 months. No apparent toxicity to the animals was re- 
ported. French et al. (1958) showed more than 95% grub 
control with ronnel or Dowco 109 when administered as 
feed additives at the rate of 35 mg./kg. and 2.4 mg./kg., 
respectively, on each of 6 consecutive days. DeFoliart 
et al. (1958) also studied systemic insecticides in feed ad- 
ditives at high dosage levels for short periods. They re- 
ported 61 to 82% reductions in grub encystments by us- 
ing Dowco 109 and ronnei. 

MatTERIALS AND Meruops.—In all the trials here re- 
ported ronnel was mixed thoroughly with a 3:1 salt-bone- 
meal combination. Three concentrations of ronnel were 
prepared, these being 16, 40, and 48 grams per pound of 
total mixture. The three formulae were: 16 gm. ronnel, 
109.5 gm. bonemeal, 328.5 gm. salt; 40 gm. ronnel, 103.5 
gm. bonemeal, 310.5 gm. salt; and 48 gm. ronnel, 101.5 
gm. bonemeal, 304.5 gm. salt. The warmed, liquefied ron- 
nel was added to warmed salt and thoroughly mixed. The 

! Approved for publication by the Director of the South Dakota Agricultural 
Experiment Station as Journal Series number 446. This investigation was sup- 
ported in part by a research grant from the Dow Chemical Company. Partial 
cost of publication of this paper was met by the South Dakota Agricultural 
Experiment Station. Accepted for publication July 2, 1959. 

2 Entomologist and Associate Animal Husbandman, respectively, in the 
South Dakota Agricultural Experiment Station. Some of the data included 
herein were submitted by the junior author to the Graduate Faculty of the 


University of Minnesota in partial fulfillment of the requirements for the 


Ph. D. degree. 
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cooled mixture was regranulated, screened, and mixed 
with the dry bonemeal. Packed in sacks or wide-mouthed 
jars the mixture retained good flowing characteristics 

during the time needed. Where consumption was recorded 

in check animals, the 3:1 salt-bonemeal combination was 

used alone. 

Formulations were freshly prepared, never more than 1 
month in advance of their being made available to the 
calves. The ronnel was obtained directly from the Dow 
Chemical Company. Stock salt (iodized) of various grades 
was used. 

Calves originating in areas with a history of heavy 
grub infestation (H. lineatum and H. bovis in comparable 
numbers) were used as test animals. Tests were conducted 
in adjacent lots at Brookings in 1956, 1957 and 1958, and 
at Reed Ranch, a substation of the South Dakota 
Agricultural Experiment Station located in central South 
Dakota, in 1958. The test calves were individually 
weighed and lotted into uniform groups, by weight and 
sex except where specifically noted. The animals were 
housed in sheds divided into lots, each lot with an out- 
side yard. Hay, grain, and water were provided in a com- 
parable manner for each lot. Brome hay was offered free- 
choice. A mixture of equal parts oats and corn was offered 
to each lot on the basis of 4 pounds per calf per day. 

Mineral boxes were located inside the sheds. The ron- 
nel-salt-bonemeal mixture was provided for periods vary- 
ing from 29 to 66 days, beginning in November or 
December of each year. Free-choice access to the mixture 
was permitted. This was the only source of mineral sup- 
plement during the test periods. At the end of each 
period the remaining mineral mixture was reweighed to 
determine the average consumption for each lot. The 
control lots were handled in the same manner except that 
ronnel was omitted from the salt-bonemeal mixture. The 
comparison of total mineral intake between the control 
and treated lots made it possible to evaluate the effect of 
ronnel on the palatability of the mixture. 

Calculations of relative consumption are based on 
average weights of the calves at the start of each experi- 
ment. Average initial weight provides a maximum aver- 
age intake figure. This figure is used arbitrarily since the 
length of treatment apparently exceeded the time neces- 
sary for maximum effect, and because consumption 
tended to decrease as the feeding periods continued. 
Total consumption is given in terms of average weights 
midway through the test periods. 

All calves were individually weighed at monthly in- 
tervals. Symptoms of toxicity were watched for through- 
out the treatment periods. Grub extractions were made 
on all calves in lots at Brookings at 3 monthly intervals 
beginning close to the first of February in each year. At 
Reed Ranch grub palpations were made. 

The cholinesterase determinations reported here have 
been made in laboratories of the South Dakota Agricul- 
tural Experiment Station, except where otherwise noted. 

Blood in each instance was drawn from the jugular 
vein into a heparinized tube. The method of analysis was 
essentially that of Michel (1949). Duplicate analyses 
were run on each sample. 

EXPERIMENTAL Data.—The first exploratory work of 
this series of experiments was begun in the fall of 1956. 
Previous reports of the efficacy of ronnel applied as an 
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oral drench at dosages of 100 mg./kg. (Lindquist 1956) 
gave slight indication of appropriate dosages for low- 
level, long-term applications. The initial plan for the 
1956-57 experiments called for a continuous dosage of 
10 mg./kg./day. Before work actually started, however, 
it was learned that R. A. Sturdy (personal communica- 
tion) had successfully provided 20 mg./kg/day to calves 
for several months by way of feed, without any super- 
ficial indication of toxicity. With this information, a 
formulation was devised, using salt and bone meal, to 
provide an intended level of intake of 15 mg./kg./day on 


Table 1.—Consumption, grub infestation, erythrocyte 
cholinesterase activity, and weight gain of calves allowed 
free-choice access to a ronnel-mineral mixture for 66 days. 
Brookings, S. Dak. 








TREATMENT (GRAMS RonNEL/LB. Mrx) 


CRITERIA 48 0 
Total calves (Dec. 17, 1956) 7 8 
Consumption (per calf) 
Total mixture (0z./day) 0.62 


Ronnel (mg.) 
Total (per kg., median) 52! 
Per day (per kg., initial) 


oo 


Infestation 
Calves infested 0 
Grubs/calf (range) 0 12-119 
Grubs/calf (avg.) 0 78.3 
Per cent reduction 100 
Erythrocyte cholinesterase* 
Feb. 26, 1957 (40th day) 
A pH units/hour 
ange 0.06—0.34 0.58-1.22 
Average 0.175**> 0.915 
Activity (% control) 19 
Weight gain (per calf) 
Initial weight (Ibs.) 455 458 
Daily gain (Ibs.), 112 days 1.24 1.56 
i i 31 38 


Per cent of initial weight 


TREATMENT (Grams RonNeEL/LsB. Mix) 


48 16 0 
Total calves (Dec. 23, 1957 8 8 8 
Consumption (per calf) : 
Total mixture (0z./day) 0.54 0.37 0.59 
Ronnel (mg.) : 
Total (per kg., median) 536 121 0 
Per day (per kg., initial) 8 2 0 
Infestation 
Calves infested 0 4 a 
Grubs/calf (range) 0 0-10 0-47 
Grubs/calf (avg.) | 0 2.4°* 13.1 
Per cent reduction 100 82 0 


Erythrocyte cholinesterase 
Jan. 17, 1958 (25th day) 
A pH units/hour 


ange 0.06-0.31 0.19-0.46 0.30-0.49 
Average 0.16** 0.32 0.39 
Activity (% initial) 40 84 83 
Feb. 14, 1958 (53rd day) 
A pH units/hour 
ange 0.09-0.24 0.25-0.54 0.32-0.55 
Average 0.15 0.37 0.45 
Activity (% initial) 37 97 96 
Feb. 27, 1958 (69th day) 
A pH units/hour 
ange 0.10-0.34 0.30-0. 66 0.42-0. 59 
Average asi" 0.42 0.52 
Activity (% initial) 52 110 111 
Weight gain (per calf) 
Initial weight (Ibs.) 400 401 398 
Daily gain (Ibs.), 111 days 1.47 1.65 1.62 
Per cent of initial weight 41 46 45 





® Analyses by Dow Chemical Company. we 
> In this and following tables differences from check significant * at 5% 
level, ** at 1% level. 
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the assumption that calves would consume approximately 
1 ounce of the total mixture per day. 

As shown in table 1, actual average consumption dur- 
ing the 1956-57 tests was only 0.62 oz. per day, with a 
resultant dosage (calculated on the basis of average 
initial weight) of 9 mg./kg. The mixture was accessible 
for a 66-day period and the per calf consumption for 
the entire period was 525 mg./kg. (based on average 
weight midway through the treatment period). 

The consumption figures for 1957-58 (table 1) for the 
same mixture (48 grams per pound) were comparable as 
were the figures for control animals having access to the 
ronnel-free salt-bonemeal mixture. Consumption of the 
lower level ronnel-mineral mixture, was, for no obvious 
reason, considerably less. Consumption among calves 
under similar conditions was considerably higher in 
1958-59 (tables 2 and 3), but much lower among calves 
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under different holding conditions (table 4). Thus con. 
sumption averages varied from 0.31 to 1.88 oz. per day 
in these tests; averages differing roughly by a factor of 
six. 

The effectiveness of the ronnel-mineral mixture for con- 
trolling grubs in various tests is shown in tables 1 to 4, 
The outstanding success (100%) shown in 1956-57 at 
approximately 9 mg./kg./day for 66 days was repeated 
in 1957-58, but at 2 mg./kg./day of ronnel only fair 
control (82%) was recorded. The results in Brookings in 
1958-59 are also outstanding at the higher dosage level 
(even for the shorter access period of 28 days) but dis. 
tinctly mediocre for the five calves at the lower dosage 
for the full 59 days. The explanation of this relative 
failure is almost entirely ascribable to the one calf of this 
group having 58 grubs. Since this was a free-choice 
procedure, the assumption is that this one animal did not 


Table 2.—Consumption, grub infestation, erythrocyte cholinesterase activity, and weight gain of calves allowed free-choice 


access to ronnel-mineral mixtures for varying periods. Brookings, S. Dak. 





First 28 Days* (11/25-12/23) 


CRITERIA 16 


Total calves (Nov. 25, 1958) 6 
Consumption (per calf) 
Total mixture (0z./day 
First 28 days 
Last 31 days 
Ronnel (mg.) 
Total (per kg., median) 
First 28 days 
Full 59 days 
Per day (per kg., initial) 
First 28 days 
Full 59 days 


1.30 


0. 56> 


185 


Infestation 
Calves infested 
Grubs/calf (range) 
Grubs/calf (average) 
Per cent reduction 


Erythrocyte cholinesterase 
Dec. 23, 1958 (28th day) 
A pH units/hour 

Range 
Average® 
Activity (% initial) 


0.08-0.36 
0.5" 
39 


0.04-0.20 
0.09** 
21 


Jan. 23, 1959 (59th day) 
A pH units/hour 

Range 

Average 
Activity (% initial) 


0.19-0.33 
0.24 
61 


0.23-0.30 
0.28 
61 


Feb. 23, 1959 (90th day) 
A pH units/hour 

Range 

Average 
Activity (% initial) 


0.18-0.31 
0.24 
61 


0.25-0.33 
0.29 
64 


Weight gain (per calf) 
Initial weight (Ibs.) 
Daily gain (Ibs.), 184 days 
Per cent of initial weight 


410 
1.30 
43 


394 
0.84 


29 


TREATMENT (GRAMS RONNEL/LB. Mix) 


Control 


0 


11 


Full 59 Days (11/25-1/23) 


1.88> 
1.40% 


. 36-0. 46 
0.40 
89 


.07-0.42 
0.24** 
55 


0.04-0.36 
0.09** 
18 


0.40-0.75 
0.50 
111 


.20-0.61 
0.38 
84 


0.05-0.22 
0.15 
31 


. 22-0 .37 
0.30 
68 


0.15-0.30 
0.22 


46 


400 
1.37 
46 


419 
1.12 
36 





® Since 28 day and 59 day animals were together for first 28 days, an alternate summation of the 28-day data is given in table 3. 


> Salt-bonemeal alone, no ronnel. 
© Significance between ronnel treatments at 5% level. 
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Table 3.—Consumption, grub infestation, and erythrocyte 
cholinesterase activity of calves allowed free-choice access 
to ronnel-mineral mixtures for 28 days.* 
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Table 4.—Consumption, grub infestation, and weight gain 
of calves allowed free-choice access to ronnel-mineral mix- 
tures for 29 days, Reed Ranch, S. Dak. 








= 


Treatment (Grams RonneL/Ls. Mrx) 





CRITERIA 40 





Total calves (Nov. 25, 1958) ul 


Consumption (per calf) 
Total mixture (oz./day) 
Ronnel (mg.) 
Total (per kg., median) 
Per day (per kg., initial) 


Infestation 
Calves infested 
Grubs/calf (range) 
Grubs/calf (average) 
Per cent reduction 


Erythrocyte cholinesterase 
Dec. 23, 1958 (28th day) 
A pH units/hour 

Range 0.04—0.20 0.05-0.42 
Average 0.09 0.19 
Activity wir initial) 19 46 89 


0.36-0.46 
0.40 





8 Data drawn from all calves included in table 2 


consume its appropriate share of ronnel. Consideration 
of all data for the first 28 days (table 3) reduces the in- 
fluence of the one heavily infested animal, but here again 
is an explanation of the lesser control obtained. 

Only mediocre control (about 659%) was obtained in 
the Reed Ranch 1958-59 tests (table 4). However these 
tests ran only 29 days and total consumption was rela- 
tively low. Again variable consumption is regarded as the 
explanation of these results. 

Both H. lineatum and H. bovis were present in all tests 
in such numbers as to indicate no differential susceptibil- 
ity to treatment. 

Erythrocyte cholinesterase studies in connection with 
the 1956-57 data consisted only of a comparison of ac- 
tivity in the treated and untreated animals after 40 days 
of treatment. These data (table 1) show that all treated 
animals had considerably lower activity than the con- 
trols. The cholinesterase activity of the treated animals 
was only 19% as great as that of the controls. 

Cholinesterase studies the following year (1957-58, 
table 1) were more complete and are presented in terms 
of pretreatment activity of the individual animals. The 
degree of depression was less severe than during the 
previous year (at the same level of treatment) but still 
was greater than 50%. It is noteworthy that at the lower 
dosage of 2 mg./kg./day no depression was noted at 
either the 25th, the 53rd, or the 69th day following the 
initiation of treatment. 

Significant erythrocyte cholinesterase depression was 
again noted in the 1958-59, Brookings tests (tables 2 and 
3), especially for the higher level dosage. Examination of 
the cholinesterase levels of the one heavily infested ani- 
mal on the 16-gram- per- -pound mixture revealed no 
significant depression (83% Yo activity at 28 days compared 
with an average of 89% activity among the controls, 
and 100% pretreatment activity at 59 days) thus support- 
ing the assumption that this animal had not been con- 
suming its proportionate share of the ronnel-mineral mix- 
ture. 

Weight on studies throughout these experiments 
(tables 1, 2, 4), reveal no advantage in this connection 
related to treatment. Where severe cholinesterase de- 


TREATMENT (Grams RonNEL/LzB. Mrx) 





CRITERIA 40 0 


Total calves (Nov. 20, 1958) 21 15 
Sex heifers ‘ bulls 





Consumption (per calf) 
Total mixture (0z./day) 0.47 4 0.67 
Ronnel (mg.) 
Total (per kg., median) 164 0 
Per day (per kg., initial) 6.4 : 


Infestation 
Calves infested 9 
Grubs/calf (range) 0-67 
Grubs/calf (average) 10.0* 
Per cent reduction 65.2 


Weight gain (Ibs./calf) 
Initial weight 412 
Daily gain, 162 days 1.69 
Correction for sex* 0 ; —0.4! 
Corrected daily gain 1.69 ; * 
Per cent of initial weight (meas.) 66 83 
Per cent of initial weight (adj.)* 66 66 





® Correction based on local animal husbandry experience with similar rations 
and similar breeding, 


pression was observed, as in tables 1 (48 grams per 
pound data), and 2 (40 grams per pound data), defi- 
ciencies in weight gains were also observed. 

Throughout these tests the animals were closely ob- 
served for signs of gross toxicity. Of the 77 calves ex- 
posed to ronnel-mineral mixtures only two showed any 
signs of sickness. The first of these, in 1956, was almost 
certainly not related to treatment. Though its cholines- 
terase level was very low on the 40th day of treatment 
(A pH units per hour 0.064) another calf in apparently 
excellent health had activity almost as low (A pH units 
per hour 0.083). Other animals in other years have had as 
low or even lower activity levels without showing signs 
of illness (see tables 1 and 2). The critical information, 
however, is that this calf had a history of coccidiosis 
(oocysts were found) and in the 1-month period before 
treatment was started this calf actually lost 3 pounds in 
weight. . 

The second sick calf was observed among the 1958-59 
Brookings calves after 17-days’ access to the 40-grams- 
per-pound ronnel-mineral mixture. Cholinesterase ac- 
tivity in the red blood cells fy this calf was low (ApH 
units per hour 0.07, about 15% of pretreatment activity) 
but not as low as three other animals in the same group, 
28 days posttreatment. This animal, however, showed 
symptoms related to organophosphate poisoning and 
responded well to removal of the ronnel mixture, with 
recovery in a matter of several weeks. No grubs were 
later found in this calf. 

Discussion.—The data presented demonstrate the 
possibility of excellent control of cattle grubs by free- 
choice administration of ronnel in a salt-bonemeal mix- 
ture. The lower levels at which control becomes marginal 
were also demonstrated. The success shown is of a high 
enough order to warrant further investigation of this 
technique of administration. 

The success of grub control was somewhat marred by 
concurrent physiological events that might be regarded 
as undesirable. At those levels of administration that 
proved most successful in eliminating grubs, erythrocyte 
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cholinesterase levels were significantly depressed, and 
weight gains were somewhat reduced. 

Neither of the negative effects just mentioned, how- 
ever, can be regarded as definitely disturbing. The 
cholinesterase depression in the red blood cells may or 
may not be associated with depletion of this enzyme in 
more critical tissues. Such depression in the erythrocytes, 
when accomplished at a slow enough rate, has not been 
correlated with deleterious physiological events (Radeleff 
& Woodard 1957). Erythrocyte cholinesterase activity 
depression, however, potentially places the animal in 
jeopardy in the event of further rapid depletion of this 
enzyme by other physiological events, whether induced 
by organophosphate insecticides or not. 

The apparent reduction in weight gains in those ani- 
mals maintained at high treatment levels is difficult to 
evaluate. Following the close of treatment these differ- 
ences tended to disappear. Furthermore statistical studies 
of the data did not reveal significance approaching the 5% 
level. 

Unequal dosage due to variable mineral consumption 
by different animals appears to be a major disadvantage 
of this method of treatment. The six-fold variation in 
mineral consumption here reported may be due to pre- 
vious management and state of nutrition of the animals. 
The amount of ronnel in the mineral mixture did not ap- 
pear to have a direct bearing on total consumption (com- 
pare tables 1, 2, and 4). 

The present paper calls attention to the promise dis- 
played by the free-choice, low-level administration of a 
systemic agent in a mineral mixture under dry-lot con- 
titions. The choice of ronnel as the systemic agent was 
dictated by its availability. It would appear desirable to 
extend the present investigation in several directions. 
Further work can be done with ronnel by varying the 
conditions of intake, possibly by reducing the concentra- 
tion and extending the access-period to smooth out 
variability of consumption. Studies under pasture or 
range conditions, and at various times of the year would 
be desirable. The addition of a nutrient or some other ad- 
ditive to control salt intake might be profitable. Ob- 
viously another line of investigation is to explore the 
many other promising systemics, with the possibility of 
more uniform intake or less obvious physiological dis- 
turbance of the host. Reduced physiological interference 
would be especially desirable when treating young calves, 
pregnant cows, or animals under any other metabolic 
stress. 

Other directions of research might include investiga- 
tions on formulation, including palatability, stability 
and packaging, other physiological influences in addition 
to those affecting weight gain and erythrocyte cholin- 
esterase, and concurrent effectiveness against other in- 
ternal and external parasites. 

The possibility of inducing insecticide resistance can- 
not be ignored. If the deficiencies of this procedure in- 
volve incomplete control of grubs exposed to the chem- 
ical, the problem of resistance could become significant. 
However, if, as appears at least partially to be the case, 
the failures are caused by irregular consumption by the 
host (and hence a failure to significantly expose individual 
grubs to insecticide) a selection differential within the 
grub population would be less involved. 
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From a management point of view, the simplicity of 
the free-choice mineral mixture procedure would make 
this technique an especially valuable one under condi. 
tions of high labor cost, though at current prices the in. 
creased quantity of ronnel required for this treatment 
may easily offset the reduction in labor costs. In large 
scale eradication campaigns a more positive dosage 
method (whether bolus, spray, or injection) might be 
desirable, but in long-term population control ventures 
the labor-saving mineral procedure might become the 
method of choice. 
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Chemical Control of the Carrot Rust Fly, Psila rosae (F.), 
in Western Washington! 


Anous J. Howirr and StTan.tey G. Coir? 


ABSTRACT 


The carrot rust fly (Psila rosae (F.)) is normally controlled in 
Washington by soil and surface applications of chlorinated 
hydrocarbons. In 1957 a strain of Psila rosae highly resistant to 
the chlorinated hydrocarbons appeared in the Lake Sammamish 
region in northwestern Washington. The carrot crop was de- 
stroyed despite repeated soil and surface treatments with chlori- 
nated hydrocarbons. Twenty-two compounds, including chlori- 
nated hydrocarbons and organic phosphates, were tested as soil 
or furrow treatments. Am. Cyanamid 18133 (0,0-diethyl O-2- 


The carrot rust fly (Psila rosae (F.)) has been a pest of 
carrots, parsnips, celery, and parsley in Washington for 
many years. First records of this insect in the state were 
by A. L. Melander who collected specimens at Nooksack 
in Whatcom county in 1908 and at Olga in San Juan 
county in 1910. Hanson & Webster (1941) reported that 
the rust fly was a serious pest in the vegetable growing 
areas near Tacoma and Seattle in 1928. Glasgow (1929. 
1931) first used naphthalene flakes in controlling this 
pest. Until the chlorinated hydrocarbons became avail- 
able, crude naphthalene flakes was the only satisfactory 
insecticide used by growers in Washington. 

In western Washington there are either three complete 
generations, or two and a partial third brood a year. 
The first generation of adults generally emerges from 
May 1 to May 20. The second generation normally 
emerges from July 15 to about September 1. The third 
generation which starts in September, overlaps with 
the second and continues until the advent of cold 
weather. 

Damage from the carrot rust fly is sporadic rather 
than uniform or contiguous throughout Washington. At 
present, chlorinated hydrocarbons used as total soil or 
surface treatments, are successfully used to control this 
pest everywhere except in the Lake Sammamish region. 
Previously these methods and material gave excellent 
control of the carrot rust fly in this area. Approximately 
500 acres of carrots, mostly for fresh market produce, 
are normally grown in this region. It is regarded as the 
most important carrot-growing area in the state. The soil 
is classified as Puget silty clay loam. These carrots are 
planted at regular intervals from March until August to 
supply the demand for fresh market produce. In 1957, 
damage from the rust fly caused the carrot crop to be ¢ 
total loss despite soil and multiple surface treatments with 
chlorinated hydrocarbons. This paper deals with tests 
conducted in western Washington from 1953 to 1958, 
during which interval successful control measures were 
developed using chlorinated hydrocarbons, or organic 
phosphates when the chlorinated hydrocarbons failed. 

Mernops—Except for the 1958 tests, five replications 
of single rows in a randomized block design were used in 
all experiments. A replication consisted of 80 lineal feet 
in the 1954-55 work and 20 lineal feet in the 1956-57 
tests. Evaluation of compounds was made by grading 


pyrazinyl phosphorothioate), dicapthon, and parathion gave 
fair control when used as furrow treatments. Diazinon® (0,0- 
diethyl O-(2-isopropyl-4-methyl-6-pyrimidinyl) _phosphorothi- 
oate gave outstanding control as a furrow treatment when used 
at rates of 1, 2, 3 or 4 lbs. of active ingredient per acre. Diazinon 
was ineffective at 5 pounds per acre when used as a total soil 
treatment. All other compounds tested were ineffective when 
used as soil or furrow treatments. 


plants as clean or infested. In the 1954 and 1955 work, 
50 plants per plot or 250 per treatment were selected at 
random and classified for injury. All plants in the plots 
were examined in the 1957 and 1958 experiments. Plants 
were classified as infested if there was any evidence of 
rust fly damage. The work in 1954 and 1955 was con- 
ducted at American Lake. These tests were carried out 
in soil classified as Spanaway gravelly sandy loam. The 
tests in 1957 and 1958 were conducted in the Lake Sam- 
mamish area in soil classified as Puget silty clay loam. 

Tests in 1954.—The toxicants were used at dosages 
lower than rates calculated to give economic control to 
facilitate evaluation of their effectiveness against the 
carrot rust fly. All compounds were applied as surface 
treatments. When the insecticide was applied in a single 
application it was applied when the foliage reached the 
first true leaf stage. The carrot normally attains this 
growth about a week after emergence. The parsnips 
arrive at this stage of growth a few days later. When 
two surface applications were employed, one-half the 
dosage was applied at the first true leaf stage and the re- 
mainder 3 weeks later. 

Tests. in 1955.—Treatments were applied in a single 
application as a soil or surface treatment. For the soil 
treatments, the insecticides were applied in a 2-foot band 
and then worked into the soil 5 or 6 inches deep using a 
24-inch Rototiller. The rows were smoothed and packed, 
then seeded down the middle with a Planet Jr. seeder. 
The surface applications were sprayed in a 1-foot band 
over the rows using a 3-gallon hand sprayer when the 
plants reached the first true leaf stage. 

Tests in 1957.—Treatments were applied as total soil 
or furrow treatments. Emulsion concentrates were used 
in the soil treatments. The correct amount of toxicant for 
each 20-foot row was mixed with 3 quarts of water and 
sprinkled from a watering can in a 2-foot band. The 
materials were worked into the soil and the rows planted 
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in the manner described for the 1955 tests. A Gandy 
chemical attachment mounted on a motor driven Planet 
Jr. seeder was used to apply the granules used in the fur- 
row treatments. 

Tests in 1958.—All insecticides were applied as furrow 
treatments. The granulated materials were applied using 
the methods described for the 1957 furrow treatments. 
When dusts or wettable powers were used, a multiple 
gear seeder was used to place the chemical and seed in the 
furrow simultaneously. The amount of seed for each 20- 
foot of row, using the multiple gear seeder, was obtained 
by raising the front wheel of the Planet Jr. seeder and 


Table 1.—Percentage of carrots or parsnips showing rust 
fly injury after treatment with surface applications of insecti- 
cides. American Lake, Washington, 1954. 








Tora. 

ACTIVE PLANTS 
INGREDIENT INFESTED 
(%) ANALysIs* 


Test No. 1—Carrots planted May 23, harvested Aug. 25 

0.3 8 a 
6 12 b 
6 13 be 
.6 14 bed 
3 15 bed 
6 17 ed 

1.3 17 ed 
3 18 d 
3 22 e 
6 24 
6 25 

1.6 25 
3 32 
6 38 

Untreated — 84 

Test No. 2—Carrots planted June 7, harvested Sept. 


Heptachlor 2 0.6 12 
Heptachlor 14 
Dieldrin 
Chlordane 
Endrin 
Dieldrin 
Aldrin 
Aldrin 
Endrin 
Chlordane 
Aldrin 
Isodrin 
Toxaphene 
Isodrin 
Toxaphene 
Untreated 
Test No. 3 
Heptachlor 
Dieldrin 
Heptachlor 
Dieldrin 
Endrin 
Aldrin 
Heptachlor 
Endrin 
Aldrin 
Isodrin 
Isodrin 
Untreated 


No. or 
APPLICA- 
cations /AcrE(LB.) 





INSECTICIDE 


Heptachlor 
Dieldrin 
Heptachlor 
Endrin 
Dieldrin 
Chlordane 
Chlordane 
Aldrin 
Endrin 
Aldrin 
Isodrin 
Toxaphene 
Isodrin 
Toxaphene 


1 
2 
2 
2 
l 
l 
2 
l 
1 
2 
2 
2 
1 
1 


23 

23 

64 

Parsnips planted May 23, harvested Sept. 2 

0.6 10 a 
3 10 ab 
6 11 abe 
6 11 abe 
6 13 be 
6 14 c 
3 18 : 
3 28 
3 29 
6 39 
3 45 

— 85 1 


| 
mt et et tt 0 OO 1 mt pe RS et et et et es et ed 


| 





® Duncan’s Multiple Range Test—if two treatments do not have a common 
letter for a given column, then the treatments are significantly different at the 
5% level. Conversely, if two treatments in a given column have a common 
letter then they are not significantly different. 
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Table 2.—Percentage infestation by carrot rust fly in 
carrots treated with insecticides applied as soil or surface 
treatments at 2 pounds actual ingredient per acre. American 
Lake, Washington, 1955. 





— 





Per CENT or 
PLANTS INFEsTED 


—. 


MerTuHopD OF 


TREATMENT APPLICATION 





Dieldrin dust soil 
Dieldrin EC surface 
Aldrin WP soil 
Dieldrin WP surface 
Dieldrin dust surface 
Heptachlor EC soil 
Heptachlor WP surface 
Aldrin WP surface 
Heptachlor WP soil 
Heptachlor dust soil 
Aldrin dust surface 
Untreated _ 
Heptachlor dust surface 
Untreated --- 
Aldrin EC soil 
Aldrin dust soil 
Aldrin EC surface 
Dieldrin EC soil 
Dieldrin WP soil 
Heptachlor EC surface 


COW MAI WWAAARAGAAAS 





turning it until it had traversed 20 lineal feet. Using this 
method it was anticipated that uniform seeding rates 
would be obtained with the Planet Jr. and the rod- 
row multiple gear seeders. A simple split-plot design, 
using single row plots, was employed. There were four 
replications. To facilitate evaluation of the large number 
of carrots examined in this work, commercial methods of 
preparing vegetables for retail market were used. The 
carrots were washed, scrubbed, and cleaned mechanically, 
then moved along a brightly lighted conveyer belt where 
they were classified as clean or infested. 

ReEsutts.—(See tables 1 to 5.)—The results of three 
individual experiments are presented in table 1. This work 
was conducted at approximately the same time in the 
same field under similar conditions. Since a total of 60 
treatments were involved in table 5, three checks, each 
consisting of five replications, were included. The results 
are listed separately to show the irregularity of infesta- 
tion typical of this pest. 

Discusston.—In 1954, toxaphene and isodrin were the 


Table 3.—Percentage infestation by carrot rust fly in 
carrots harvested after soil and furrow applications of insec- 
ticides. Lake Sammamish, Washington, 1957. 








Metrnop Pounps No. or Per Crent 
oF APpPLI- PER Carrots OF PLANTS 
CATION AcrE® ExamINnep INFESTED 
Untreated a 
Dieldrin EC soil 
Endrin granules furrow 
Heptachlor EC soil 
Heptachlor EC soil 
Aldrin granules furrow 
Di-Syston granules furrow 
Parathion granules —_ furrow 
Thimet granules furrow 


INSECTICIDE 








487 100 
435 100 
482 100 
466 100 
418 99 
415 100 
502 89 
510 56 
537 20 


Crm 0 Om tO Ore 





® Rates for furrow treatments based on the number of lineal feet in en acre 
with rows 15 inches apart. 
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Table 4.—Plant emergence, number of carrots examined, 
percentage infestation, and weight of marketable carrots 
after treatments with insecticides applied to the soil at 5 
ounds of active ingredient per acre. Lake Sammamish, 
Washington, 1958. 








No. Pounps Per Cent 
Piant Carrots or Mar- or PLANts 
Emer- ExXAM- KETABLE In- 
INSECTICIDE GENCE INED CARROTS* FESTED 


—_— 





is ‘The 465 422 78 57 
Diazinon 646 526 43 64 
V-C 13> 627 595 42 67 
Ethi 652 435 27 72 
Co- 549 495 12 75 
Kepone 739 556 15 75 
UC C 8305 656 542 30 75 
8 Heptachlor 660 614 19 76 
; Trithion 784 548 31 77 
10 Thiodan 506 410 11 81 
11 Aldrin 585 483 12 82 
12 Delnav4 657 484 12 83 
13 Sevin 603 417 19 87 
14 Toxaphene 612 440 3 90 
15 Phosphamidon 617 458 6 90 
16 Check 662 451 3 94 
17 Perthane® 704 435 0 99 
18 Malathion 831 422 0 99 


1 
2 
3 
t 
5 
6 
7 





* Sound carrots 3 inches or more in length without distortion. 

b 0.2,4-dichloropheny! 0,0-diethyl phopshorothioate. 

© (-(3-chloro-4-methylumbelliferone) 0,0-diethy] phopshorothioate. 
4 9 3-p-dioxanedithiol S,S-bis (0,0-diethy] phosphorodithioate). 

© 1,1-dichloro-2,2-bis (p-ethylpheny])ethane. 


least effective of the insecticides tested. There was no 
significant difference between heptachlor, dieldrin, aldrin, 
endrin, or chlordane, although heptachlor consistently 
had the lowest infestations. Two applications gave no 
better control than a single one. With two applications, 
one apparently was wasted since the treatment did not 
coincide with the appearance of the rust fly. Timing ap- 
peared more important than dosage because there was no 
significant increase in control when the dosage of surface 
applications was increased. 

The 1955 infestations were too low to permit evaluating 
different formulations of aldrin, dieldrin and heptachlor 
used as soil or surface treatments. 

Information concerning infestations in the Lake Sam- 
mamish region was not obtained until the first crop had 
been destroyed; therefore, the 1957 experiments were not 
established until late July. The field in which the work 
was conducted had been treated earlier in the season 
with heptachlor at 4 Ibs. actual per acre. The carrots in 
these trials were subjected to extremely heavy popula- 
tions since they were surrounded by fields of carrots 
destroyed by rust fly. The roots of all carrots except those 
in the parathion and Thimet® (0,0-diethyl S-(ethylthio) 
methyl phosphorodithioate) treatments were destroyed 
after germination. However, the tops generally remained 
green so that harvest counts could be made. The carrots 
in the Thimet and parathion treatments grew to normal 
size even though some were heavily infested with rust fly 
larvae. It appeared that these two treatments had enough 
residual action to allow the carrots to develop to normal 
size while the others were initially ineffective or had 
limited residual action. 

No insecticide tested in 1958 gave control as a total soil 
treatment. The percentage of infestation in the carrots 
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Table 5.—Plant emergence, weight of marketable carrots, 
numbers of sound carrots, and percentage damaged by rust 
fly after ear of insecticides as furrow treatments. 

ake Sammamish, Washington, 1958. 


AcTIVE Pounps Sounp Carrots 
INGRE- or Mar- PLANts HARVESTED 
PLANT KETABLE [N- 29 ——-——-———— 
Emer- Car- restep’ Total Analy-_ 
INSECTICIDE® .) GENCE ROTS % No. sis® 


Check 

Co-Ral WP 

UCC 8305 WP 

Thiodan 

Aldrin 

Kepone WP 

Kepone WP 

Sevin 

Kepone 

Phosphamidon 
nnel 

Sevin 

Ethion 

Phosphamidon 

Check 











1,957 
2,560 
1,402 
1,529 
1,482 
2,434 
2,725 

858 
2,526 
1,480 
1,138 
2,304 
1,770 
1,826 
1,601 
2,213 
1,724 
1,593 
2/391 
1,647 
2,775 
1,199 

855 
1,555 
1,864 
1,775 
1,451 
1,177 
1,875 
1,616 


oso 


oe 
CASSRASH WH eee we 


Heptachlor 

Phosphamidon 
hiodan 

Co-Ral WP 

Thiodan 

Co-Ral WP 

Ronnel 

Thimet 

DDT 

Thiodan 

Ronnel 

Sevin 

Sevin 

Malathion 

Check 

Phosphamidon 

Trithion 

Dipterex 

Thimet 

Ethion 


onne 
UCC 8305 WP 
Trithion 
Guthion 

 himet 
Ethion 
Trithion 
Guthion 
Parathion 
Parathion-DDT4 
UCC 8305 WP 
Guthion 
Ethion 
Dicapthon dust 
Trithion 
Guthion 
Am, Cyanamid 18133 
Am. Cyanamid 18133 
Dicapthon dust 
Am, Cyanamid 18133 
Dicapthon dust 

iazinon 
Diazinon 
Diazinon 
Diazinon 


ee ee | AO bod b> at bat C0 bat 20 tet 0 ot as tt | 


Oe eee ne ee ee ne ne ee ee a 


edefghi 
defghij 
defghijk 
defghijk 
defghijkl 
efghijkl 
fghijkl 
ghijkl 
ghijkl 
ghijkl 
ghijkl 
hijkl 
ijklm 
ijklm 
ijklm 
ijklm 
jkImn 
<Imn 
Imn 
mno 
mno 
nop 
opq 
opq 
pq 
pq 


q 
q 





® Granules unless otherwise noted. 

Sound carrots 3 inches or more in length without distortion. 
© See footnote a, table 1. 
4 1.5 Ibs. each of parathion and DDT applied. 


harvested in 1958 should be considered conservative, 
particularly for the ineffective treatments, since some 
plants were killed shortly after emergence and these 
were not recorded. 

Despite precautions to insure equal seeding rates, seed- 
ing with the rod-row multiple gear seeder appeared some- 
what heavier than with the Planet Jr. seeder. Since some 
treatments were quite phytotoxic, both the number of 
sound carrots and the percentage infestation should be 
considered in evaluating treatments. Because the plants 
were too crowded, some died from causes other than rust 
fly. For this reason then, the percentage of control could 
not be considered as the dividend obtained by dividing 
the number of sound carrots by the emergence count. 
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Fig. 1.—Normal carrot on right from Diazinon-furrow treat- 

ments. Distorted and infested carrots, shown at center and left, 

are carrots found in untreated and treated plots other than 
Diazinon-furrow treatments. 


When applied as furrow treatments, Di-Syston® (0,0- 
diethyl S-2-(ethylthio)ethyl phosphorodithioate), UCC 
8305 (P-chloro-2,4-dioxa-5-methyl-P-thiono-3-phosphabi- 
cyclo (4.4.0) decane), Thiodan® (6,7,8,9,10,10-hexachloro- 
1,5,5a,6,9,9a-hexahydro -6,9 - methano - 2,4,3 - benzodioxa- 
thiepin-3-oxide), aldrin, Kepone® (1,2,3,5,6,7,8,9,10,10- 
Decachlorotetracyclo [5.2.1.0?,°.0°,°,.0°,°| decan-4-one.), 
Sevin® (l-naphthyl N-methyl carbamate), phosphami- 
don, ronnel, heptachlor, DDT, malathion, Trithion® (S- 
(p-chlorophenylthio) methyl O,O0-diethyl phosphorodi- 
thioate), Dipterex® (0,0-dimethyl 2,2,2-trichloro-1- 
hydroxyethylphosphonate), ethion and Guthion® (0,0- 
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dimethyl S-(4-oxo-3H-1,2,3, -benzotriazine -3 - met}iy}) 
phosphorodithioate) were ineffective at all rates tested, 
Thimet, dicapthon and Am. Cyanamid 18133 (0,0. 
diethyl O-2-pyrazinyl phosphorothioate) gave fair con- 
trol. Thimet was so phytotoxic that relatively few plants 
germinated. Since the seeds were overplanted, the surviy- 
ing carrots in the Thimet treatment grew large and were 
responsible for the relatively high weights for this treat- 
ment. Diazinon® (0,0-diethyl O-(2-isopropyl-4-methyl- 
6-pyrimidinyl) phosphorothioate was superior at all rates 
tested, and was the only treatment that gave economic 
control. The degree of control obtained with this toxicant 
was remarkable, considering the severity of the infesta- 
tion. Carrots in the untreated and ineffective treatments 
were distorted and heavily infested. (See fig. 1.) 

The question as to why rust flies in this particular area 
were no longer controlled by chlorinated hydrocarbons 
arose. Perhaps the flies, having a limited flight range, were 
confined to the valley and subjected to continuous treat- 
ments of chlorinated hydrocarbons for a number of years, 
It would be expected that resistance to chlorinated hydro- 
carbons could develop at an accelerated rate in areas 
restricted to carrot production and subjected to repeated 
applications of chlorinated hydrocarbons. 
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Lepidoptera Associated with Grasses Grown for 
Seed in Eastern Washington! 


CuirrorD 5. Crawrorp and Rospert F. Harwoop,? State College of Washington, Pullman 


ABSTRACT 

Various sampling methods, especially the use of light and field- 
emergence traps, combined with literature references to observed 
damage, provide estimates of the abundance and importance of 
the species concerned. Thirty-four species, representing four 
lepidopterous families, are listed in tabular form. Crambus 
topiarius Zell., Crymodes devastator (Brace), and Chionodes 
psilo ptera (Busck) were found particularly destructive, and these, 
together with three other important species, are separately dis- 
cussed, Temperature, humidity, and precipitation data were 
used in studying the relationship of climatic factors to light- 
trap catches of adults. 


Information in the following discussion was gained 
mostly from a survey of the insects affecting grasses 
grown for seed between Spokane, Washington, and the 
Idaho border. The study was initiated because damage 
to grass crops, particularly bluegrasses and fescues, has 
been increasing. 


Subterranean lepidopterous larvae attacking the host 
plant at or near the crown have been found to be the most 
obvious pests. Injurious species have been found in the 
families Noctuidae, Crambidae, Gelechiidae, and Arcti- 
idae. 

Investigation, which continues, involved the use of 
light traps, weather observations, field emergence and 
laboratory emergence traps on seven varieties of grass, 
and soil sampling for larvae. Light traps* were used to 


1 From a thesis submitted by C. 8S. Crawford to the Graduate School of the 
State College of Washington in partial fulfillment of the requirements for the 
degree of Master of Science. Scientific Paper No. 1832, Washington Agricultural 
Experiment Station; work conducted under Project No. 1349. Accepted for 
publication March $1, 1959. 

2 Graduate Research Assistant and Assistant Entomologist, respectively. 
The writers are indebted to Dr. W. C. Cook, Entomologist at the U. S. Depart- 
ment of Agriculture Truck Crop Insect Laboratory at Walla Walla, Washington, 
and to specialists at the U. S. National Museum, for making initial identifiea- 
tions of most of the adult Lepidoptera discussed. 

3 Manufactured by Gardener Manufacturing Company, Horicon, Wisconstt. 
The attractant source is a General Electric 15-watt black-light tube. 
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trap most of the adults. The number of moths caught 
with light varies with the species (Cook 1928); thus the 
presence of several individuals of a troublesome species 
does not necessarily indicate its local abundance. Ob- 
servation of a species in a field emergence trap (over 
grass), as well as its known record of injury, is considered 
sufficient evidence to class it as a suspected grass feeder. 
Ifa reasonably large number of individuals of a particular 
species is found in both the emergence and the light traps, 
its significance as a local pest is assumed. 

Weather observations have occupied two main sites. 
One was the Spokane River valley, an area of irrigated 
agriculture averaging 2,050 feet elevation; the other was 
in the foothills, some 350 feet higher and directly to the 
north, consisting of mixed coniferous forest and nonir- 
rigated agriculture. At each site, only a few feet from 
one of the two light traps, are situated (in the summer) 
a Foxboro Class 1 hygrothermograph, in an instrument 
shelter, and a rain gauge. This arrangement provided 
continuous data on temperature, relative humidity, and 
rainfall from the immediate vicinity of the light traps in 
two representative grass-growing areas. 

Most of the information in table 1 and the discussion 
which follows are recorded from investigations conducted 
during 1957. The list of species comprises all Lepidoptera 
that are assumed to be grass feeders captured in light 
traps. Citations of literature that state that a species 
feeds on grass, as well as emergence-trap records where 
such exist, are also presented. 

Various larvae of the Crambidae and Noctuidae are 
well-known pests of grasses. The present study, as well 
as that of Bohart (1947), appears to substantiate this in 
the Western United States. In a survey of California 
lawn pests, Bohart found that Crambus bonifatellus 
(Hulst) and C. sperryellus Klots were particularly damag- 
ing. The former is little known, and the latter is not 
known from the grass fields near Spokane. A pyralid, 
Nomophila noctuella (D. & 5S), the lucerne moth, was con- 
sidered to be a contributor to lawn damage in California. 
Identification of light-trap catches near grass fields in 
Washington for 1958 show large numbers of this moth, 
but investigation of its bionomics in such areas is yet to 
be initiated. 

Bohart records three noctuid species which occasionally 
damage lawns severely in California. These are the army- 
worm, Pseudaletia unipuncta (Haw.), the granulate cut- 
worm, Feltia subterranea (F.), and the variegated cut- 
worm, Peridroma margaritosa (Haw.). These have not 
been found associated with grasses in the present study, 
nor has the infrequent pest Hylephila phylaeus Drury, a 
hesperiid. 

The occurrence of full moon was associated with 
definite decreases in the number of most of the destruc- 
tive species of adult Lepidoptera captured at light traps. 
This relationship was noted by Williams (1936), and has 
been commented on further by Cook in correspondence. 

Discussion OF SIGNIFICANT Spectes.—Chionodes 
psiloptera (Busck).—This small, dark moth, the only 
gelechiid of any consequence caught by light trap, is a 
grass pest with severe destructive potential in certain 
localized areas. Initial identification by Dr. J. F. Gates 
Clark, of the U. S. National Museum, indicated that this 
moth has been collected previously only in Ontario, 
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Canada. The plant host was then unknown. Its flight is 
characteristically low, irregular, and of short duration 
in the daytime. Larvae tunnel into the crown and root 
systems, where their feeding places are partly covered by 
loose webbing. 

Adults were collected in greater numbers than those of 
any other species during a 24-hour period. Their ap- 
pearance has been limited almost entirely to portions of 
the foothills. Flight activity in 1957 was between the 
middle of April and the middle of May. Nearly all speci- 
mens were caught just following heavy rains. When they 
were captured the relative humidity was low, the tem- 
perature rising, and the moon was new. 

Crambus topiarius Zell.—Larval collections in the field, 
as well as adult field- and laboratory-emergence records, 
indicate that this well-known pest of grasses is probably 
the most abundant species of Crambus in the Spokane 
area. Many were caught in the foothills light trap, though 
the moth is also widespread in the valley. The first of two 
peak light-trap catches coincided with the large catch of 
Chionodes; the second, also in the foothills trap, came 
toward the end of June, late in a flight season that had 
begun about a month earlier. 

These two peaks, associated with rising temperatures, 
low relative humidities, lack of moonlight, and periods 
following heavy rains, may indicate that the species 
overwinters as mature larvae or as prepupae. Both feed- 
ing and nonfeeding larvae were found in the spring, which 
is further evidence of this overwintering. Adults of the 
latter larvae emerged in the laboratory when the first 
peak flight occurred in the field. 

Crambus dorsipunctellus Kft.—No mention of the 
bionomics of this crambid has been seen in the literature. 
Only one specimen was trapped upon emergence from a 
field, but many field observations and light-trap captures 
suggest its importance as a grass feeder. Periods of large 
catches, which occurred especially in the foothills light 
trap, coincided with the ending of rains as well as with 
warm temperatures. 

Crambus plumbifimbriellus Dyar.—Two generations of 
this relatively little-known moth may occur each year 
near Spokane. Several field emergences and many ob- 
servations show that it is a grass pest. The heaviest 
catches, possibly a second generation, directly followed 
early August rains in the valley during a warm period. 

Crambus trisectus (Wlk.).—The history of destruction 
of Midwest grasses, oats, and corn by Crambus trisectus 
(Ainslie 1927) makes its appearance in Northwest grass 
fields one to be noted. The 1957 captures were mostly 
from the valley light trap in late summer. Climatic varia- 
tion did not appear to influence a steadily distributed 
series of catches. 

Crymodes devastator (Brace).— Light-trap catches of the 
widely known glassy cutworm moth did not indicate ade- 
quately its importance as a grass pest in the areas under 
survey. Some authorities consider it the most serious pest 
of its kind to corn and other grasses. In many of the fields 
examined in this investigation, both in the foothills and 
in the valley, the larvae were found in large numbers and 
were very destructive. A single generation appears to 
occur annually. The period of adult capture extended 
from mid-July to the end of August. Rains in August 
coincided with the largest captures. 
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Table 1.—Grass-feeding Lepidoptera from light traps. 








Fooruitt VALLEY 


FamILy SciENTIFIC NAME Trap Trap 


Tora. 


Ga 


LITERATURE INDICATION 
Grasses as Hosts 


EMERGENCE TRAP 
ReEcorpDs 





Estigmene acrea (Drury)* 


Arctiidae 3 8 


Crambidae Crambus topiarius Zell.* 76 


C. plumbifimbriellus Dyar* 32 


198 


C. dorsipunctellus Kft.* 
16 


C. trisectus (Wlk.)* 


C. leachellus cypridalis Hst.* 20 
C. vulgivagellus Clem.* 5 
C. pascuellus (L.)* 

C. bonifatellus (Hist.)* 

268 5 


Gelechiidae Chionodes psiloptera (Busck) 1, 


Noctuidae _ Feltia ducens (W1k.) 564 1,356 
460 
115 


79 


1,368 
118 
112 


Protagrotis obscura B & McD. 

Caenurgina erechtea (Cram.)* 

Platyperigea extima (Wlk.)» 

Crymodes devastator (Brace) 37 52 

Leucania® insueta heterodoxa 
Sm. 

L. farcta (Grt.) 

L. multilinea Wik. 

L. luteopallens Sm. 

Graphiphora c-nigrum (L.) 


44 


Nephelodes emmedonia 
(Cram.) 


Agrotis venerabilis (Wlk.) 
Euzxoa messoria (Harr.) 


E. ochrogaster Gn. 

E. septentrionalis Wik. 

“Rhynchagrotis” exsertistig- 
ma (Morr.)* 

“Rhynchagrotis” insularis 
Grt.* 

Septis finitima (Gn.) 

S. arctica 

S. cuculliformis (Grt.)* 

Lacinipolia pensilis (Grt.)” 

Dargida procincta (Grt.) 

Agroperina dubitans (W1k.)* 

Xylena nupera (Lint.) 

Protoleucania albilinea (Hbn.) 

Zosteropoda hirtipes 


wwe 


bd pet Oe Se 


11 Borror & Delong (1955) 

Felt (1894); Fernald (1896); 
Forbes (1923); Johansen & 
Brannon (1955) 


Merion bluegrass 
Delta bluegrass 
Pennlawn 

Creeping red fescue 
Astoria bentgrass 
Pencross bentgrass 
Delta bluegrass 
Pencross bentgrass 


Johansen & Brannon (1955) 


Ainslie (1927); Fernald (1896); 
Forbes (1923) ; Miller (1940) 
Felt (1894); Forbes (1923) 
Felt (1894); Forbes (1998); 
Miller (1940) 
Astoria bentgrass Fernald (1896); Forbes (1998) 
Bohart (1947) 


Merion bluegrass 


Crosby & Leonard (1918); 


Astoria bentgrass 
Crumb (1929, 1956) 


Pennlawn 
Delta bluegrass 


1,920 
1,828 
233 
191 


Crumb (1956) 
Merion bluegrass Crumb (1956) 
Pennlawn 
Merion bluegrass 


Delta bluegrass 


89 Crosby & Leonard (1918); 


Crumb (1929, 1956) 


Crosby & Leonard (1918); 
Crumb (1956) 

Crosby & Leonard (1918); 
Crumb (1956)- Knutson 
(1944) 

Crumb (1956) 

Crosby & Leonard (1918) 


Delta bluegrass 
Pennlawn 

Astoria bentgrass 
Pennlawn 


Merion bluegrass 
Astoria bentgrass 
Intermediate wheatgrass 


Intermediate wheatgrass 
Crumb (1956) 


Crumb (1956) 


Crumb (1956) 

Crosby & Leonard (1918) 
Crumb (1956) 

Crumb (1956) 

Crumb (1956) 

Crumb (1956) 

Crumb (1956) 

Crumb (1956); Knutson (1944) 
Crumb (1956) 


2 


et pet DO OO A) A) Or 0 


Delta bluegrass 
Pennlawn 
Delta bluegrass 





® Authors list only grasses as hosts. 


b Authors list food plants, but these do not include grasses. All other moths in this table have grasses listed as one food source, or have been shown by emergence- 


cage records to be associated with grasses. 


© All Leucania species mentioned by Crumb (1956), including L. farcta, are at least grass feeders in part. 
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Distribution Patterns of Young and Experienced 
Honey Bees Foraging on Alfalfa’ 


M. D. Levin,? Entomology Research Division, Agric. Res. Serv., U.S.D.AS 


ABSTRACT 


Experiments were conducted in northern Utah to compare the 
dispersion patterns of young foragers and experienced field honey 
bees (Apis mellifera L.) from unaltered colonies when moved 
into a new area where alfalfa bloom was widespread. The ex- 
perimental colonies were mass marked by introducing queens 
from a recessive mutant strain in which parts of the body nor- 
mally black were cordovan brown. Few marked bees from newly 
transferred colonies were recovered more than 350 yards from 
their hives during the 1-week observation period. This fact 
applied to both the young and the experienced foragers. The 
number of marked bees recovered at one sampling station 1} 
miles from the apiary was comparable to the number collected 
adjacent to the apiary. 


Many studies on the working habits of individual 
honey bees (A pis mellifera L.) have been reported. Sardar 
Singh (1950), Minderhoud (1931, 1951), Butler et al. 
(1943), Ribbands (1949), Weaver (1957), and others 
have shown that a bee may fly a considerable distance 
to collect pollen or nectar, but once there, she tends to 
confine herself to a small area, especially if the chosen 
species of flower is a good source of food. Research car- 
ried on in England by Ribbands (1951) and in Wyo- 
ming by Sturtevant & Farrar (1935) indicates that the 
distance between the apiary and the crop source affects 
the honey crop stored by the colonies. Eckert (1933), how- 
ever, reported that the distance could increase to 2 miles 
before any detrimental effect on the honey yield could be 
observed. 

Although these reports are of considerable interest and 
importance, they provide little information on the be- 
havior of the entire field force of a colony or apiary. 
However, Butler et al. (loc. cit.) did observe that the 
nearer dishes received more visitors when sugar syrup 
was offered at distances from 160 to 400 yards. 

StupIES OF THE ForaGinc Rance.—Peer (1955), 
studying the foraging range of honey bees in Wisconsin, 
reported that the bees under observation foraged up to 
3} miles, but most of them were found in all directions 
within 2} miles of their colonies. He estimated that 75% 
of the foragers were working beyond 1 mile from the 
aplary. 

The directional orientation described by Eckert (1933) 
Was observed by Linsley & MacSwain (1947) in Cali- 
fornia. They found that honey bees were not working 


in the field in which their hives were placed but frequently 
had become oriented in a particular direction to nearby 
fields. 

In 1956 experiments were initiated to study under 
various conditions the distribution patterns of honey 
bees foraging on alfalfa in northern Utah. The main ob- 
jective of the first experiment herein reported was to 
compare the dispersion pattern of young foragers under- 
taking field duties for the first time with that of the nor- 
mal field force of bees of all ages after having been moved 
into a new area. 

A genetically marked strain called cordovan was used 
for the experimental bees as they can be readily differen- 
tiated from the black, yellow, or hybrid strains common 
to the experimental area. The colonies used were re- 
queened 10 to 12 weeks before the experiment with 
cordovan queens from the U. S. Department of Agricul- 
ture Bee Culture Station at Baton Rouge, Louisiana. By 
the time they were needed, practically all the bees in the 
colonies were of this strain. 

The two phases of the test were conducted at two loca- 
tions about 10 miles west of Logan. Several hundred 
acres of second-crop seed alfalfa in various stages of 
bloom and about 150 colonies were within a 2-mile 
radius of the marked colonies. 

For one phase 10 cordovan colonies with unaltered 
populations were moved to the north edge of a large 
planting of alfalfa. More or less continuous bloom was 
available for a mile to the south of the bees, and to the 
north, east, and west were fields of grain or fallowed 
ground. Several other plantings farther south were 
sampled (fig. 1). Bees were also collected on a 30-acre 
field of alfalfa 1} miles to the northwest of the apiary. 
This field was the closest source of nectar to the bees in 
that direction. Samples were collected at various distances 
twice a day for the first 2 days and once a day for the rest 
of the sampling period. 

In preparation for the phase with inexperienced for- 
agers, 10 cordovan colonies located in North Ogden, 50 
miles from the test area, were deprived of their normal 
field forces by moving the colonies on 2 successive days 
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2 The suggestions and help supplied by my colleagues, G. E. Bohart and 
W. P. Nye, as well as the assistance in collection of data furnished by R. A. 
Nielsen, are gratefully acknowledged. 

‘In cooperation with the Utah Agricultural Experiment Station. 





JOURNAL OF Economic ENTOMOLOGY Vol. 52, No.§ 


Miles fromA » 
o—> 
































>a] Cordovan colonies 
bw A. Foragers of all ages 
B. Young foragers 


[] Commercial apiary 





Sampling station 








IN Indicates sampling station 
13 miles to NW 


























Fic. 1. 





October 1959 


during the peak of flight activity. Each time they were 
moved a few hundred yards away and the field bees were 
collected at their previous colony sites. Thus, the colonies 
were depleted of most of the bees of foraging age. On the 
third day the colonies were moved to the test area. 

About 2 miles from the site of the first phase of the 
experiment, the 10 colonies deprived of their foragers 
were placed at the eastern edge of a 150-acre field of 
second-crop alfalfa. One portion of it was cut for hay 
during the sampling period because of the high plant 
bug (Lygus spp.) and armyworm (Pseudaletia unipuncta 
(Haw.)) populations. As in the previous phase, samples 
of bees were collected in the morning and afternoon 
during the first 2 days and at 24-hour intervals at midday 
thereafter. Three directions (north, south, and west) up 
to 450 yards were sampled. The limits of the field pre- 
vented further sampling. The data for all three directions 
were averaged for each distance. Samples at each distance 
beyond 450 yards represent only one direction. 

At all sampling stations 25 to 150 field bees were col- 
lected with an insect net each day. The bees were killed 
and examined after all collections were made to establish 
the percentage of cordovan bees at each station. The 
area covered at each station was approximately 25 to 50 
square yards. The fluctuation in number of bees collected 
was due in part to variations in populations. 

Discussion oF Resutts.—At the first location most 
of the bees from the unaltered colonies were recovered 
within 350 yards of the apiary (table 1). Their greatest 
dispersal was reached 13 days after being moved. Only a 
few cordovans were recovered beyond 700 yards, except 
on the field 1} miles to the northwest. Here they made up 
a substantial porportion of the bees on the field, especially 
toward the end of the sampling period. 

Young bees undertaking foraging duties for the first 
time dispersed similarly to more experienced foragers 
from undisturbed colonies (table 2). Most of the young 
bees were recovered within 300 yards. At the end of the 
second day most of them were still working close to the 
hive, but some were found as far as 450 yards. Sampling 
was continued until 8 days after the move, but only an 
occasional cordovan bee was recovered more than } mile 
from the apiary. 


Table 1.—Percentage of cordovan bees of all ages col- 
lected at progressive distances from the test apiary; colonies 
moved on the morning of August 6, 1956. 





Avuaust 6 Avoust 7 
Avu- Av- Avu- 
DIstaNce A.M. >. AM. P.M. Gust 8 Gust9 Gust 10 
Yards 
100 
350 
700 
,056 
, 480 
,760 





* Field cut. 
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Table 2.—Percentage of young cordovan foragers collected 
at progressive distances from the test apiary; colonies moved 
on the morning of July 26, 1956. 








JuLy 26 


DISTANCE A.M. M. P.M. 


JuLy 27 


Jury 28 Jury 29 Juty 30 


23.§ 15. 
24. 18. 
16.! 1 
4. 

6. 


22. 


moe uw 


- Ore Ors 


0 é 0.96 
0 0 
0 0 
0 0 





® Each distance represents an average of three directions until after July 27, 
when cutting of one field left only two directions. 

> One sampling station at each distance. 

© Collections made at this station on August 1 and 2 were composed of 8.8 
and 1.2% cordovans, respectively. 


In view of the expanding area encompassed as the dis- 
tance from the marked colonies increased, it cannot be 
said that most of the foragers from the marked colonies 
were working within the 350-yard radius observed. 
However, the scarcity of marked bees at the more distant 
sampling stations may be more than just a matter of 
dilution over an expanding area. This possibility is 
strengthened by the fact that the marked bees visited 
alfalfa in bloom 1} miles away almost as freely as they 
foraged on alfalfa blooms adjacent to their hives when 
there was no other source of nectar closer in that direction. 
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The Role of Granulated Insecticides for Control of 
Sweet Corn Pests in New Jersey! 


Joun P. Reep 


ABSTRACT 


In order to determine the role of granulated insecticides in the 
sweet corn insect-control program in New Jersey, experiments 
were conducted during the 1954-57 seasons. Of the materials 
used, 23% heptachlor on attaclay and 1% parathion on tobacco 
were the most efficient, giving excellent control of European 
corn borer (Pyrausta nubilalis (Hbn.)), corn earworm (Heliothis 
zea (Boddie)), and fall armyworm (Laphygma frugiperda (J. E. 
Smith)), on corn in the whorl stage. Sprays or dusts are still 
necessary when the plants are in the ear stage, but as a supple- 
ment the applications of granulated insecticides can be of great 
value to the New Jersey sweet corn growers. 


The use of granulated insecticides was first reported by 
Wilson (1950), Vannote (1951) and Whitehead (1951) for 
control of mosquito larvae. Later, Farrar (1953) found 
that certain granulated formulations controlled corn ear- 
worm on field corn in the whor! stage, and since then, con- 
siderable experimental data, as reported by various 
workers, has shown that the European corn borer (Pyrausta 
nubilalis (Hbn.)) can be effectively controlled with several 
of these materials. Cox et al. (1956) tested numerous in- 
secticides formulated with various types of granules and 
observed the effects of timing and rates of application. At 
the present time large acreages of corn, particularly in the 
mid-West, are treated with granulated formulations for 
corn-borer control. 

In New Jersey, essentially the entire crop of sweet corn 
is sold to the fresh market. The high cost of production 
and the persistent consumer demand for clean ears neces- 
sitates a careful and efficient insect control program. At 
the present time, this goal is attained by means of high- 
clearance sprayers and dusters, with insect-control per- 
centages usually running 95% or higher when proper ap- 
plication schedules are maintained. For the granulated 
formulations to enter the control program, their perform- 
ance must be equal to or surpass the efficiency of the cur- 
rently used materials. 

Sweet corn is harvested in New Jersey from late June 
until frost. Planting starts in early April and extends 
through to mid-July. Thus corn in the whorl stages is 
present from May until September. It is on these stages 
of growth that the granulated materials are most efficient. 

The six important foliage-feeding insect pests that the 
New Jersey sweet corn grower must contend with annu- 
ally are flea beetles (Chaetocnema spp.), European corn 
borer, sap beetles (Carpophilus spp.), corn earworm (Helio- 
this zea (Boddie)) fall armyworm (Laphygma frugiperda 
(J. E. Smith)) and aphids (Rhopalosiphum maidis 
(Fitch)). Of these, the European corn borer, the corn ear- 
worm, and the fall armyworm, lend themselves to the 
action of applications of granulated insecticides. It has 
also been observed that aphids are controlled in the whorl 
when granulated phosphate materials are used. When the 
plants are in the tassel and ear stage, the granules are not 
sufficiently effective for any of these pests. Thus, the 
granules will not supplant the sprays or dusts, but they 


Table 1.—Results of first-generation test on control of the 
European Corn Borer (ECB) in 1954. 





Dates or E.C.B./100 PLants PER 

APPLICATION - Centr 
TREATMENT (JUNE) Ear Stalk Conrror 
. Parathion (2%) ontobacco 12, 17, 22, 28 0 
4 12, 22 0 

3. Parathion (24%) on Celite® 12 

. Endrin (1%) on tobacco 12, 17, 22, 28 0 
5. 2,22 0 
3. Dieldrin (2%) on tobacco 12, 17, 22, 28 4 
12, 22 0 


’ DDT (5%) on Celite® 
9. Endrin (1%) dust 
. Untreated check 


12 
12, 17, 22, 28 0 
4 





* Treatments 3 and 8 were phytotoxic, so the plots were discontinued. 


Table 2.—Results of first-generation test on control of 
European Corn Borer (ECB) in 1955. 





E.C.B./100 = Per 
PLANTS CENT 
—— Con- 

Ear Stalk rot 


DATES OF 
APPLICATION 
[TREATMENT (JUNE) 


DIAG we wwe | 


3, 17, 22 0 0 
4 2 
0 0 


. Parathion (2%) on tobacco 


. Endrin (1%) on tobacco* 
DDT (5%) on attaclay (impregnated) 10 
56 
48 
. DDT (5%) on attaclay (fused)* 
9. DDT (5%) dust 
10. Parathion (1%) dust 
11. Endrin (1%) dust* 
12. Untreated check 108-198 


0 
0 


~ 


tmz PRPRD FPRPDP 





* Treatments 4, 8, and 11 were phytotoxic, so the plots were discontinued. 


may be used effectively for whorl-stage applications. 
Many growers have fields of corn in various stages of 
growth and, in many cases, rather widely dispersed from 
the central farm. The use of a relatively inexpensive and 
easily transported applicator of granules would materially 
increase the ease and efficiency of the insect-control pro- 
gram. 

In order to determine the role of granulated insecticides 
in the New Jersey sweet-corn program, considerable work, 
primarily for European-corn-borer control, has been con- 
ducted. Insect control, timing of applications, and phyto- 
toxicity were the chief factors observed. The tests were 
initiated in 1954 and continued through 1957. The tests 
made each season are outlined below. 

1954.—The materials listed in table 1 were applied to 
the Marcross 13-6 hybrid sweet corn grown on plots five 
rows wide by 30 feet long replicated three times. Applica- 
tion rates of 25 to 30 pounds per acre were made using a 
knapsack-type puff duster. A 5-day and a 10-day schedule 
were maintained, and at harvest 50 plants from each 
treatment were examined. 

1955.—The materials listed in table 2 were applied to 
Carmel Cross hybrid sweet corn grown in plots four rows 
wide by 50 feet long replicated four times in a modified 
latin-square arrangement, with eight check plots in the 

1 Paper of the Journal Series, New Jersey Agricultural Experiment Station, 
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Table 3.—Results of first generation test on control of 
European Corn Borer (ECB) in 1956. 


— 
= 








Dates oF E.C.B./100 
AppLi- PLANTS —————_——— 
CATION -————————- Con- Clean 
(JUNE) Ear Stalk trol Ears 


Per Cent 


TREATMENT 





y Per athion (1%) on tobacco 11, 21 94 
11, 26 114 
Parathion (2%) on tobacco 11,21 128 
11, 26 122 
Parathion (1%) on attaclay* 11 os 
Parathion (2%) on attaclay® 11 — 
DDT (5%) fused on tobacco 11,21 164 
11,26 266 


gi tlh As 


DDT (5%) solvent impregnat- 
ed on tobacco 11,21 3 152 
¥ 11, 26 

. Malathion (4%) on tobacco 11,21 

% 11, 26 

. Malathion 5% on Pike’s Peak “_s 

. Endrin (1%) on attaclay® ll a 

’ Heptachlor (2%) on tobacco 11,21 64 ‘ 
i. 26 128 306 
. Heptachlor (2}%) on attaclay 11, 21 26 112 
. 11, 26 24 88 93. 6 
9, Untreated check 474 1,276 





* Treatments 5, 6, 13, 14 were phytotoxic, so plots were discontinued. 


field design. A 5-day, a 10-day, and a 15-day schedule 
were used. The granulated materials were applied at 20 to 
25 pounds per acre and the dusts at 40 pounds per acre 
using a knapsack puff duster. Fifty plants from each treat- 
ment were examined. All the granulated formulations 
were 30 to 60 mesh. 

The first application was made when 32 egg masses per 
100 plants were found. 

1956.—The materials listed in table 3 were applied to 
Carmel Cross hybrid sweet corn using a knapsack puff 
duster. The plots were four rows wide by 40 feet long, 
replicated four times in a modified latin-square arrange- 
ment, with eight check plots throughout the field design. 
A 10-day and a 15-day schedule were used with 25 to 30 
pounds of granules applied at each application. Fifty 
plants per treatment were examined at harvest for insect 
injury. All the formulations were on 30 to 60-mesh gran- 
ules. 

The first application was made when 87 egg masses per 
100 plants were present with about 2% of them emerged. 

1957.—The materials listed in table 4 were applied to 
Carmel Cross hybrid sweet corn grown in plots four rows 
wide by 82 feet long, replicated three times using a knap- 
sack-type puff duster. One application was made at the 
rate of 25 to 30 pounds per acre. Owing to severe drought 
conditions, growth of the corn was poor, consequently no 


Table 4.—Results of first-generation test for control of the 
swropean Corn Borer in 1957. 





Tora. 
No. PLANTS 


TREATMENT Piants InsureD INJuRY 

. Parathion (1%) on salinnes i, 428 2° 
. Heptachlor ( (24%) on attaclay 1,417 24 
. Endrin (1%) on attaclay* 1,463 22 
. He ptachlor (2%) on tobacco 1,435 54 
. DDT (5%) on ag Phen 1,549 165 
. DDT (5%) on attaclay 1,369 145 
. DDT (5%) on bentonite 1,417 110 
. Untreated check 1,282 714 


a 





> oe OOO 


~ 


ow 
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a ae th 
Treatment 3 caused severe injury to plants and 7 showed some phyto- 


toxicity 
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ear records were taken. A count of the number of plants 
in each plot was made and a record of those injured by 
European corn borer was obtained. 

In this test the application was delayed until most of 
the egg masses had hatched and the larvae had moved 
into the whorls of the plants. 

Corn Earworm AND Fatt ArMyworm Resgarcu.— 
The occurrence of corn earworm and fall armyworm on 
young corn in New Jersey, especially during August and 
September, often poses a serious problem and, without 
adequate control measures, yields can be reduced to a 
considerable degree. 

DDT sprays and dusts, using 1 to 2 lbs. of actual toxi- 
cant per acre applied to the pretassel stage, have been 
fairly successful, depending on the degree of infestation 
and the thoroughness of the applications. Often two or 
three treatments are required for adequate control. One 
of the complicating factors involved is that the grower is 
often not aware of the presence of these pests until they 
have buried themselves deep into the whorls and have 
seriously damaged the young developing tassels. 

On several occasions during the 1954-58 seasons, the 
author had the opportunity to test several of the granu- 
lated formulations. Hand applications with a knapsack 
puff duster and machine treatments with a Gandy Hi-Lo 
applicator were made. Of the materials tested, parathion 
at 1 or 2% on tobacco and heptachlor at 23% on attaclay 
applied at the rate of 25 to 30 pounds per acre were the 
most effective. In every test, one application gave excel- 
lent control for a period of 2 to 3 weeks. If reinfestation 
occurred before the tassels had emerged, a second treat- 
ment was made. After tassel emergence, better control 
was obtained with a spray application using a DDT- 
parathion (2 qts. 25%, } pt. 42%) or DDT-malathion 
(2 qts. 25%, 1 pt. 57%) formulation per acre. 

With aphids present, the parathion granules were supe- 
rior, since they curtailed buildup in the whorls and pre- 
vented tassel damage until the sprays were applied. It 
was also noted, both in the corn borer- and earworm- fall 
armyworm-tests that the incidence of sap beetles was 
greatly curtailed where the granules were used. 

Discussion or Resutts.—The results of the various 
tests with granulated insecticides for sweet-corn insects, 
especially the European corn borer, were as follows: 

y schedule using parathion, endrin, and 
dieldrin on tobacco granules was as effective as a 1% 
endrin dust used at 5-day intervals. Both parathion and 
DDT on Celite granules were phytotoxic. 
1955.—Parathion on tobacco granules used on a 15-day 
schedule was as effective as a DDT or a parathion dust 
applied at 5-day intervals. 

DDT at 5% impregnated on attaclay granules was not 
as effective on a 5-, 10-, or 15-day schedule as were the 
parathion granules or dusts. 

Endrin on tobacco, DDT fused on attaclay granules, 
and endrin dust were phytotoxic. 

1956.—This year marked the heaviest infestation en- 
countered during the 4-year test, with a total of 1,750 
borers per 100 plants occurring on the untreated checks. 
The 23% heptachlor on attaclay was the most efficient 
deterrent, with the 15-day treatments being as effective 
as the 10-day. The parathion treatments on tobacco formu- 
lations were slightly less effective. From the standpoint 
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of clean ears, however, the heptachlor treatment was con- 
siderably better than the parathion. The 2% heptachlor 
on tobacco granules was not so efficient as the attaclay 
formulation, especially with respect to clean ears. The 
DDT formulations were about as good as the parathion 
treatments, although the fused DDT material on the 15- 
day treatment was not so effective as the solvent-impreg- 
nated DDT both, from the standpoint of control and per 
cent of clean ears. 

The parathion on attaclay, malathion on Pike’s Peak 
clay, and endrin on attaclay were all phytotoxic. It is 
interesting to note that the malathion on tobacco showed 
no phytotoxicity. 

The first application was made when only 2% of the 
egg masses had hatched. Subsequent experience has 
shown that the timing was incorrect. A larger percentage 
of the larvae should have emerged before the first treat- 
ment was made. 

1957.—The parathion on tobacco and heptachlor on 
attaclay again were the most efficient treatments, with 
the DDT formulations somewhat less effective. The 
heptachlor on tobacco was again not quite so effective as 
the heptachlor-attaclay formulation. Endrin on attaclay 
and DDT on bentonite were phytotoxic. 

The results of this work show that several granulated 
insecticides are effective for the control of certain insect 
pests on sweet corn in New Jersey. Of the materials tested, 
heptachlor on attaclay and parathion on tobacco were the 
most efficient. 

Although the endrin formulations used gave excellent 
control of the European corn borer, the plant damage that 
they caused in most of the tests precludes its being recom- 
mended, at least under New Jersey conditions. Certain 
formulations of DDT and parathion were also phytotoxic 
while others were safe in this respect. The phytotoxicity 
encountered with some of the formulations is not neces- 
sarily due to the insecticide itself. Other constituents of a 
particular formulation such as the solvent or the type of 
granule used could have been a contributing factor. It 
should also be considered that the variety of corn used in 
the experiment may have played a role. 

Timing of application is important. When the treat- 
ment is delayed until most of the eggs have hatched, a 
single application of a suitable granulated formulation 
will give excellent control under the corn-borer conditions 
usually encountered in New Jersey. When infestations 
are severe, two applications 10 to 15 days apart will 
suffice. 

Experience has shown that one or two applications of 
granules are as effective as three to five applications of a 
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conventional dust or spray. Although timing of applica. 
tion with the granules is important, it is not so critical as 
are the sprays or dusts, where the material must be ap. 
plied before the young borers enter the plant. 

When the corn is in the whorl stage, excellent control of 
corn earworm, fall armyworm, and aphids can be obtained 
with suitable granulated formulations. Under the sweet. 
corn-growing program existing in New Jersey, these pests 
are often a serious factor. 

However, the granulated insecticides will not give ade. 
quate control throughout the season. Sprays or dusts are 
necessary when the corn plants are in the ear stage. Asa 
supplement to the spray or dust program, the granulated 
materials can be of great value to the grower in several 
ways: (1) on farms where multiple plantings occur, gran- 
ules can be used on the whorl-stage corn, thus releasing 
the big high-clearance machines for the critical job of pro- 
tecting the maturing fields from earworm attack; (2) the 
applicators of granules are inexpensive and easier to move 
from field to field, especially if the fields are separated by 
some distance; (3) with timing of application not so criti- 
cal as with sprays or dusts, a greater acreage can be 
treated with much less effort and with less danger of be- 
ing too late; (4) although proper adjustment and calibra- 
tion of the granulated insecticide machines are necessary, 
the actual operation is not so critical as that of the more 
complex high-clearance spray and dust equipment, thus 
less skillful operators can be used satisfactorily; and (5) 
although the granulated formulations are more expensive 
per acre application, the fewer treatments that are ordi- 
narily required, in contrast to the dusts or sprays, actually 
make them less costly. 
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Field Experiments for Control of Late-Season Infestations 
of Several Cotton Insects! 


C. B. Cowan, Jr., C. R. Parencta, Jr., and J. W. Davis, Entomology Research Division, Agric. Res. Serv., U.S.D.A? 


ABSTRACT 


Sevin® (1-naphthyl-N-methyl carbamate) applied at 1.0 and 
1.6 pounds per acre in dusts and at 1.5 pound per acre in a spray 
gave effective control of the boll weevil (Anthonomus grandis 
Boh.) and the bollworm (Heliothis zea (Boddie)) in field-plot ex- 
periments conducted in 1958. Sprays containing calcium arsenate 
at 7 pounds, Monsanto CP-7769 (hexaethyl (ethylthiomethyli- 
dine) triphosphonate) at 0.5 pound, or dicapthon at 1.0 pound 
per acre were as effective in boll weevil control as dieldrin at 
0.38 pound or Guthion® (0,0-dimethyl S-(4-oxo-3H-1,2,3-ben- 
zotriazine-3-methyl) phosphorodithioate) at 0.25 pound per acre. 
Calcium arsenate plus DDT gave poor control of the bollworm. 
Trithion® (S-(p-chlorophenylthio)methyl 0,0-diethyl phos- 


phorodithioate), ethion, and Delnav® (2,3-p-dioxanedithio' 
S,S-bis(0,0-diethyl phosphorodithioate) at 0.5 pound, demeton 
and CP-7769 at 0.25 pound and Kelthane® (1,1-bis(p-chloro- 
phenyl)-2,2,2-trichloroethanol) and dicapthon at 1.0 pound per 
acre were equally effective against the desert spider mite 
(Tetranychus desertorum (Banks)) for 7 days after treatment. 
Sprays containing Sevin at 1 pound, toxaphene at 2 pounds plus 
DDT at 1 pound, malathion or dicapthon at 0.38 pound, or 
endrin at 0.3 pound per acre were effective against the cotton 
leafworm (Alabama argillacea (Hbn.)). Sevin dust at 0.9 pound 
gave only fair control and that obtained with CP-7769 spray at 
(0.25 pound per acre was poor. 





Heavy late-season infestations of several cotton insects 
in central Texas in 1958 afforded an opportunity to con- 
duct field experiments with some of the new insecticides 
that showed promise against them in 1957 (Cowan et al. 
1958). The predominating species were the boll weevil 
(Anthonomus grandis Boh.) and the bollworm (Heliothis 
za (Boddie)). The desert spider mite (Tetranychus 
desertorum (Banks)) was of less importance. Infestations 
of the cotton leaf worm (Alabama argillacea (Hbn.)) also 
became sufficiently heavy late in 1957 and 1958 for simi- 
lar tests to be made. 

General Procedure.—In the experiments with the boll 
weevil, bollworm, and desert spider mite the plots were 
16 rows wide and of sufficient length to make 0.2 acre. 
They were arranged in randomized blocks with four 
replications of treatments except in experiment 4, in 
which there were only three. In the spider mite experi- 
ment untreated plots were not included within the ex- 
perimental design, but were located in the same field ad- 
jacent to the treated plots. In the first cotton leafworm 
experiment the plots were eight rows wide and of suf- 
ficient length to cover 0.1 acre, arranged in randomized 
blocks with three replications of treatments, and in the 
second experiment the plots were twice as large, with no 
replications. 

Methods of applying insecticides were the same as those 
previously reported (Cowan et al. 1956). In the boll 
weevil-bollworm experiments applications were made at 
5-day intervals except in experiment 4, in which the in- 
tervals were a few days longer following two irrigations. 
Only one application was made in the spider mite and cot- 
ton leafworm experiments. 

The procedures for recording data were the same as 
those reported by Ewing & Parencia (1943), Cowan et al. 
(1958), and Parencia et al. (1954). 

Controt or Bott WEEVILS AND Bo.titworms (TABLE 
1).—In experiment 1 each insecticide reduced the boil 
Weevil infestation significantly below that of the check. 
The poorest control was obtained with Sevin® (1-napthyl- 
V-nethyl carbamate) spray at 0.9 pound per acre. In 
bollworm control when boll injury was considered, 
Sevin dusts and the higher spray dosage were better than 
(uthion® (0,0-dimethyl —S-(4-oxo-3H-1,2,3-benzotri- 


azine-3-methyl phosphorodithioate) plus DDT. Spider 
mite infestation was greater following use of Sevin sprays 
than following Sevin-sulfur dusts or Guthion plus DDT 
spray. Each insecticide gave a significant increase in 
yield over the untreated check, and the greatest increase 
was from the higher dosage of Sevin dust. 

In experiment 2 various phosphorus insecticides were 
added to the toxaphene-DDT mixture to determine 
whether they would increase its effectiveness against the 
boll weevil. Unfortunately dry weather reduced the 
fruiting period of cotton plants, making such an evalua- 
tion impossible. No significant difference in seasonal 
boll weevil control was evident between the various in- 
secticide mixtures, and each of them reduced bollworm 
injury significantly below the check. Spider mite infesta- 
tions were slightly higher following treatment with 
malathion plus DDT than with the other mixtures, but 
the difference was not significant. Each mixture gave a 
significant gain in yield over the untreated check, and 
toxaphene plus DDT was better than malathion plus 
DDT. 

In experiment 3 each insecticide reduced the boll 
weevil infestation significantly below that of the un- 
treated check. All the treatments except calcium arsenate- 
DDT spray gave significant reductions in bollworm in- 
jury, and dieldrin-DDT and dicapthon-DDT gave signif- 
icantly better control than calcium arsenate-DDT. Each 
insecticide gave a significant gain in yield over the un- 
treated check, and dieldrin-DDT was better than calcium 
arsenate-DDT. Owing to difficulty encountered in apply- 
ing the calcium arsenate-DDT mixture, the total volume 
of spray was 15 gallons per acre whereas with the other 
insecticides it was 7.5 gallons. 

Experiment 4 was conducted in a field that received 
two irrigations. When the experiment was begun on 
July 3, the cotton fleahopper (Psallus seriatus (Reut.)) 
had already caused considerable damage. The boll weevil 
infestation was fairly light until August 5, but the boll- 
worm infestation was so severe that the untreated checks 
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Table 1.—Effectiveness of several insecticides applied as dusts and sprays against the boll weevil and bollworm in field. 
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® Pounds per gallon in sprays, per cent in dusts. 
> Treated with DDT at 1.0 pound per acre 5 times between July 23 and August 12 for bollworm control. 


After August 20 further treatment with high-clearance 
ground equipment could not be made without causing 
considerable mechanical injury to plants. Since con- 
tinued treatment was needed to protect late bolls, 2 
pounds of toxaphene plus 1 pound of DDT plus 0.2 
pound of methy! parathion per acre were applied by air- 
plane to all plots when the remainder of the field was 
treated by the grower on August 27 and September 1. 
The wide variation in boll weevil infestation between 
replicates caused considerable variation in yield, but 
differences between treatments were not significant. 

Conrro.u or Sprper Mires (TAsie 2).—There were no 
significant differences between demeton, ethion, Trithion® 


had to be protected with DDT from July 23 to August 12 
to prevent loss of all fruit, which would eliminate the boll 
weevil infestation. Weevil infestations became heavy on 
August 11. The field topography from north to south 
showed considerable slope; consequently, fallen infested 
squares were carried down the rows by irrigation water, 
resulting in a considerably higher weevil infestation in 
the plots located at the south end of the field. Each of the 
treatments except heptachlor plus DDT, and heptachlor 
plus DDT plus methyl parathion reduced the weevil 
infestation significantly below the untreated check, but 
there were no differences between treatments. Good 
bollworm control was obtained with each treatment. 


Spider mite infestations were slightly lower in the plots 
treated with phosphorus compounds. The species 
Tetranychus cinnabarinus (Boisd.) was identified from 
cotton for the first time from McLennan County. All the 
other treatments gave significantly better control of a 
light infestation of the cabbage looper (Trichoplusia ni 
(Hbn.)) than heptachlor plus DDT. 


(S-(p-chlorophenylthio)methyl O0,0-diethyl phosphoro- 
dithioate), Monsanto CP-7769 (hexaethyl (ethylthio- 
methylidyne) triphosphonate), Kelthane® (1,1-bis(p- 
chlorophenyl)-2,2,2-trichloroethanol), Delnav® (2,3-p- 
dioxanedithiol S,S-bis(0,0-diethyl phosphorodithioate), 
and dicapthon in the control of the desert spider mite 1, 
4, and 7 days after treatment. After 11 days all the other 
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Table 2.—Effectiveness of several acaricides against the 
desert spider mite. 
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Table 3.—Effectiveness of several insecticides against the 
cotton leafworm in field experiments. 
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8 One spray application on August 7. 


acaricides gave better residual control than dicapthon. 

ContTrROL oF Cotton LEAFworM (TABLE 3),—In ex- 
periment 1 conducted in 1957, both dosages of Sevin, 
CP-7769, and toxaphene-DDT applied as sprays reduced 
the infestation significantly below the check, but Thio- 
dan® (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro- 
6,9-methano-2,4,3-benzodioxathiepin-3-oxide) did not. 

In experiment 2 conducted in 1958 good control was 
obtained 48 hours after treatment with both Sevin formu- 
lations, toxaphene plus DDT, endrin,’ malathion, and 
dicapthon applied as sprays. Only fair control was ob- 
tained with Sevin dust. However, light showers on the 
day it was applied may have reduced its effectiveness. 
CP-7769 spray gave considerably poorer control in 1958 
than in 1957. 
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Effect of Varying Conditions in a Laboratory Testing 
Technique on the Mortality of Mosquito Larvae! 


Cxiaupe H. Scumipt and DonaLp E. Wemnnaas, Entomology Research Division, Agric. Res. Serv., U.S.D.A. 


ABSTRACT 


The mortality of mosquito larvae increased as the volume of 
acetone-water suspensions or solutions of dieldrin, lindane, mal- 
athion, and DDT was increased from 100 to 1,000 ml. The in- 
crease was greater and more consistent with DDT than with the 
other larvicides and with larvae of Anopheles quadrimaculatus 
Say and Aedes taeniorhynchus (Wied.) than with Aedes aegypti 
(L.). No increase in mortality was caused with parathion. When 
the diameter of the test containers was increased from 3 to 6 
inches but the concentration and volume of the suspensions or 
solutions were constant, mortality of quadrimaculatus decreased 
when dieldrin, lindane, and DDT were used, but not with mal- 
athion or parathion. No difference in mortality was observed 
with the other two species of larvae. 


The use of various procedures in assaying the sus- 
ceptibility of mosquito larvae to new insecticides as well 
as in resistance surveys has focused attention on the dif- 
ferences that may be obtained when certain test condi- 
tions are changed. The results obtained with different 


techniques must be considered in designing standard 
testing procedures and in attempting to correlate data 
from different sources and techniques. Some research 
showing the effect of various factors on the mortality 
obtained in tests with mosquito larvae has been reported 
in the literature (Krusé et al. 1952, Shidrawi 1957, Jones 
1957, Parker 1957, Schmidt & Weidhaas 1958, Weidhaas 
& Gahan 1958). Although these workers showed dif- 
ferences with changes in technique, none of their experi- 
ments were made with a variety of insecticides against 
a range of species. 

The experiments reported in this paper were con- 
ducted with three species of mosquito larvae and five 
larvicides—two organophosphorus materials (parathion 
and malathion) and three chlorinated hydrocarbons 
(dieldrin, lindane, and DDT). The effects of varying the 
volume of the suspensions or solutions and the size of the 
container were studied. Since depth and/or surface 
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area of the testing medium varied with the volume or con- 
tainer size, some information became available on these 
two factors. 

EXPERIMENTAL Procepures.—Fourth-instar larvae of 
Anopheles quadrimaculatus Say, Aedes taeniorhynchus 
(Wied.), and Aedes aegypti (L.), used in these tests, were 
obtained from laboratory colonies. The insecticides used 
were dieldrin, lindane, parathion, malathion, and radio- 
active DDT (p,p’-DDT-4-C"™ having an activity of 2.1 
uc./mg.). In each test 25 larvae were exposed in a sus- 
pension or solution of the insecticide (depending upon 
its solubility in water) made by adding a concentrated 
acetone solution to water. Mortality readings were 
taken after 24 hours. The amount of C-labeled DDT 
present in the larvae at the end of the exposure period 
was determined in some tests. The procedures for radio- 
metric analysis have been described (Schmidt & Weid- 
haas 1958). All tests were run in triplicate. 

Errect or VaryING VOLUME OF SUSPENSION OR 
SoLuTion.—In the first series of tests the concentration 
of the toxicants was held constant as the volume of the 
suspensions was varied from 100 to 1,000 ml. Volumes 
ranging from 100 to 400 ml. were used in 3-inch diameter 
glass jars, 500-ml. volumes in 3}-inch (600-ml.) beakers, 
and 1,000 ml. volumes in 4-inch (1,000-ml.) beakers. 
The depth of liquid in the containers increased with the 
volume; the surface area was constant up to 400 ml. but 
increased when 500 and 1,000 ml. were used. 

The results of tests with four of the insecticides are 
shown in table 1. With parathion no significant change in 
mortality was noted for any species when the volume was 
increased tenfold. With malathion, lindane, and dieldrin 
there was a slight increase with all three species, at least 
at one concentration. The results with DDT are shown in 
table 2. The mortality of all three species increased with 
the volume of suspension. The difference from the 
smallest to the largest volume was greatest with qua- 
drimaculatus and least with aegypti ; taeniorhynchus showed 
slightly less difference than quadrimaculatus. The dose 
absorbed by the larvae generally increased with the 


Table 1.—Mortality of larvae of three species of mosqui- 
toes exposed to different volumes of insecticide suspensions 
or solutions. 
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Table 2.—Mortality of larvae of three species of mosqui- 
toes exposed to various volumes of C'-DDT suspensions, 
and amount of DDT absorbed. 








Aedes 
taeniorhynchus 
(0,075 p.p.m.)* 

Dose Dose 
Mor- Absorbed Mor- Absorbed 
tality (ug. tality (ug./ 
larva) 


0.002. 


Anopheles 
quadrimaculatus 
(0.007 p.p.m.)* 


Aedes aegypti 
(0.0025 p.p.m.)® 


Dose 
VoLUME oF Mor- Absorbed 
SUSPENSION tality 
(M1.) (%) 

100 22 

200 63 ‘ ri . 002 

250 70 . . 002 

500 96 ‘ § J . . 003 
1,000 92 ‘ 4 t . 003 





® Concentration of DDT in suspension. 


volume. However, this increase was small and with 
taeniorhynchus it was erratic. 

Errect oF VARYING THE CONTAINER SizeE.—In the 
second series glass containers of four different diameters 
were used—the regular 38-inch testing jars, 3}-inch 
beakers, 4-inch beakers, and 6-inch battery jars—but the 
concentration of the toxicants, number of larvae, and 
volume of suspension were held constant. The results are 
shown in tables 3 and 4. When parathion and malathion 
were used, no changes in mortality were noted. With 
lindane and dieldrin no change was seen in aegypti or 
taeniorhynchus, but the mortality of quadrimaculatus 
showed a progressive decrease. With DDT the mortality 
of quadrimaculatus decreased from 92% in the 3-inch jar 
to 32% in the 6-inch battery jar. With taeniorhynchus no 
decrease appeared and with aegypti only the 6-inch jar 
showed a decrease. When the diameter increased from 3 
to 6 inches, the dose absorbed decreased slightly with 
quadrimaculatus and aegypti and considerably with 
taeniorhynchus. 

Discussion.—This investigation showed that the ef- 
fect of different test conditions on mortality varied with 
the larvicide and with the mosquito species. 

With parathion no change in mortality with any 
species was observed with changes in volume or size of 
container. The concentration is known to influence the 


Table 3.—Mortality of larvae of three species of mosqui- 
toes exposed to 250 ml. of insecticide suspensions or solu- 
tions in containers of different sizes. 





Per Cent Morrtaity at INDICATED 
VotumE (ML.) 
CONCENTRATION 
(P.p.M.) 100 =—-:150 


INSEcTI- 


CIDE 200 250 400 500 =—-1,000 


Anopheles quadrimaculatus 
Parathion . 006 84 80 81 89 
Malathion 075 7% 89 ‘ 97 
Lindane 05 2 27 ‘ 64 
Dieldrin 01 c 6 
025 16 18 


Aedes taeniorhynchus 
Parathion . 002 19 21 
.004 93 97 97 
Malathion .025 56 61 65 
Lindane 025 65 64 68 
05 88 92 88 
Dieldrin .05 76 83 77 
.08 S4 89 95 
Aedes aegypti 
Parathion : 83 95 77 
99 99 100 
Malathion ‘ 28 12 21 
39 60 53 
Lindane " 68 77 70 
Dieldrin ; 55 75 84 


Per Cent Morvaity in Conrtaty- 
COoNCEN- ER OF INDICATED D1tAMETER (IN.) 
TRATION ——____—— ; : 
(P.p.M.) 3 3} f 


INSECTICIDE 


Anopheles quadrimaculatus 
Parathion 006 60 60 
Malathion 15 92 92 


Lindane 075 52 40 
Dieldrin O75 64 32 
Aedes taeniorhynchus 

Parathion .002 12 15 
Malathion 025 73 70 
Lindane .02 65 60 
Dieldrin 05 79 81 

Aedes aegypti 

Parathion 006 20 8 
.01 96 95 

Malathion 05 31 28 
Lindane O04 44 48 
Dieldrin .008 48 60 
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Table 4.—Mortality of larvae of three species of mosqui- 
toes exposed to 250 ml. of C'-DDT suspensions in containers 
of various sizes and amount of DDT absorbed. 








Anopheles Aedes 
quadrimaculatus taeniorhynchus Aedes aegypti 
(0.075 p.p.m.)* (0.0025 p.p.m.)* 


(0.007 p.p.m.)* 
Dose Dose Dose 

DIAMETER OF Mor- Absorbed Mor- Absorbed Mor- Absorbed 
CoNTAINER tality (ug./ tality (ug./ tality (ug./ 
(INCHES) (%) larva) (%) larva) (%) larva) 


3 92 0.005 23 0.077 0.005 
3.25 90 005 20 .076 Bi -005 
4 78 004 32 - 045 .005 
6 32 - 004 23 .040 . 003 





® Concentration of DDT in suspension. 


mortality, but increasing the total parathion available per 
larva by other means than increasing the concentration 
had no effect. It appeared that the parathion was in 
solution in the test jars and was equally distributed 
throughout and that the larvae did not remove enough 
parathion to diminish the concentration. In an earlier 
study (Schmidt & Weidhaas 1958) with two radioactive 
organophosphorus compounds, dimethoate and Co-Ral® 
(0-(3-chloro-4-methylumbelliferone 0,O0-diethyl — phos- 
phorothioate), a very small percentage of the chemical 
was found in the larvae. 

With DDT the mortality of at least one species changed 
with variations in all test conditions studied. The results 
obtained with quadrimaculatus in these tests and in the 
earlier study showed that the mortality could be corre- 
lated with the concentration, volume of suspension, or 
number of larvae when one of these factors was varied 
while the other two were constant. Furthermore, the 
mortality could be correlated with the ratio of volume of 
suspension to number of larvae and with the total avail- 
able DDT per larva. However, the regression line for 
total available DDT vs. mortality was steeper when the 
concentration was varied than when either volume or 
number of larvae was the variant. Bowman et al. (1959) 
have shown that DDT in the test jars is unequally dis- 
tributed and that at a concentration of 0.01 p.p.m. ap- 
proximately 50% of the DDT is lost in 24 hours by a 
process of codistillation with water vapor. Additional 
experiments (Weidhaas & Schmidt, in manuscript) have 
shown that quadrimaculatus and aegypti larvae have dif- 
ferent dosage-mortality responses to DDT. Furthermore, 
it can be seen from the amounts of DDT absorbed that 
larvae removed an appreciable proportion of the toxicant 
from test suspension. 

All these factors influence the variation in mortality 
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with test conditions, and the results can be explained on 
the basis of the following factors: (1) Distribution of DDT 
initially and over the time the larvae are exposed will vary 
with container size, volume of suspension, and rate of 
water evaporation; (2) since different species may have 
different dosage-mortality relationships, the distribution 
or volatilization of DDT will have different effects on the 
mortality of different species; (3) the amount of toxicant 
the larvae remove will lower the effective concentration 
of the test suspension. Further studies are in progress to 
determine the distribution and loss of DDT from different 
containers at various concentrations. 

It is interesting to note that, although mortality caused 
by DDT can be increased by increasing the test volume, 
decreasing the number of larvae, or by using narrower 
containers, this is not true with parathion, and is prob- 
ably the result of the physical state of DDT in colloidal 
suspension. 

Results with malathion, dieldrin, and lindane were in- 
termediate between those obtained with DDT and 
parathion. Some variation in mortality was found with 
changing test conditions. Studies on the distribution, the 
absorbed dose, and the dosage-mortality response of dif- 
ferent species of larvae to these toxicants are needed to 
show which factors influence the results. 

REFERENCES CITED 

Bowman, M. C., F. Acree, Jr., C. H. Schmidt, and M. Beroza. 
1959. Fate of DDT in larvicide suspensions. Jour. 
Econ. Ent. 52(6). 

Jones, Jack C. 1957. A study of variations of the World 
Health Organization tentative method for testing 
DDT resistance in mosquito larvae. WHO Working 
Paper No. 10, MHO/AS 155.57, 11 pp. 

Krusé, C. W., G. F. Ludvik, and W. B. Hawkins. 1952. 
Factors affecting evaluation of insecticides against 
Anopheles larvae . Jour. Econ. Ent. 45(4): 598-601. 

Parker, A. H. 1957. The effect of acetone concentration and 
larval density on the mortality of Aedes aegypti 
larvae exposed to DDT and dieldrin. Ann. Trop. 
Med. and Parasitol. 51: 368-73. 

Schmidt, Claude H., and Donald E. Weidhaas. 1958. Ab- 
sorption and toxicity of three radioactive insecticides 
by two species of mosquito larvae. Jour. Econ. Ent. 
51(5): 640-4. 

Shidrawi, G. R. 1957. Laboratory tests on mosquito tolerance 
to insecticides and the development of resistance by 
Aedes aegypti. Bull. World Health Organ. 17(3): 
377-411. 

Weidhaas, Donald E., and James B. Gahan. 1958. Effect of 
certain changes in testing technique on mortality of 
mosquito larvae. Mosquito News. 18(4): 275-9. 


SUPPORT ALL OF YOUR SOCIETY’S PUBLICATIONS! 


It will strengthen your Society’s position in representing your profession. 





Tests of Insecticides for the Control of Goat 
Lice in 1957 and 1958! 


Bossy Moore, R. O. Drummonp, and H. M. Brunprert, Entomology Research Division, 
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ABSTRACT 


To investigate reports on resistance of goat biting lice (Bovi- 
cola caprae (Gurlt) and B. limbatus (Gerv.)) to chlorinated hydro- 
carbon insecticides, goats from two ranches near Kerrville, 
Texas, were dipped into insecticides at dosages recommended by 
the Entomology Research Division, U. S. Department of Agri- 
culture. Lice from one ranch were not killed by 0.25% toxaphene, 
which previously had been very effective. Field tests were con- 
ducted with sprays of Delnav® (2,3-p-dioxanedithiol S,S- 
bis(O,0-diethyl phosphorodithioate)), ronnel, malathion, Dip- 
terex® (0,0-dimethyl 2,2,2-trichloro-1-hydroxyethylphosphon- 


ate), Bayer 21/199 (O-(3-chloro-4-methylumbelliferone) 0,0- 
diethyl phosphorothioate), Sevin® (1-naphthyl N-methyl car- 
bamate), and toxaphene for the control of biting lice and sucking 
lice (Linognathus stenopsis (Burm.)). Toxaphene and 0.1% 
Delnav failed to kill lice. Others were effective within 24 hours 
on goats with fleece shorter than 10 weeks’ growth, and from 3 
to 5 days on goats with longer fleece. Flocks sprayed with 0.5% 
ronnel, 0.1% Bayer 21/199, and 0.5% Sevin were free of lice at 
the next shearing (2 to 4 months). 





Angora goats raised in the Edwards Plateau area of 
southwestern Texas are commonly infested by three 
species of lice—the goat biting louse (Bovicola caprae 
(Gurlt)), the Angora goat biting louse (B. limbatus 
(Gerv.)), and the goat sucking louse (Linognathus stenop- 
sis (Burm.)). Heavy infestations lower the vitality of the 
goats and reduce the quality and quantity of mohair. 

Early recommendations by Babcock (1936) for the 
control of goat lice consisted of arsenic, coal-tar creosote, 
nicotine, and sulfur dips. Babcock (1944) and Parish & 
Rude (1946) reported that dips containing 0.2% of DDT 
were effective on freshly sheared goats or goats in full 
fleece. More recently Smith & Richards (1955) have 
shown that a number of chlorinated hydrocarbon and 
organic-phosphorus insecticides are effective against goat 
lice. 

In 1957 reports began reaching the Kerrville laboratory 
that ranchers were not obtaining satisfactory control 
with sprays or dips of toxaphene, one of the most widely 
used insecticides for goat louse control. Studies were 
therefore undertaken to determine whether the lice had 
become resistant to toxaphene and to evaluate the ef- 
fectiveness of newer insecticides against lice from prob- 
lem ranches. The results of tests conducted in 1957 and 
1958 are presented herein. 

Previminary Tests.—Precise evaluation of an insec- 
ticide is seldom feasible under field conditions, especially 
where resistance is suspected. Therefore, 40 goats heavily 
infested with biting lice from each of two ranches where 
toxaphene treatments reportedly had failed were moved 
to the laboratory so that they could be treated, isolated 
in groups, and examined individually at prescribed in- 
tervals. 

Four dips were tested on 10 goats from each ranch— 
two toxaphene formulations, DDT, and a mixture of 
toxaphene and lindane on those from ranch 1; and toxa- 
phene, DDT, methoxychlor, and lindane on those from 
ranch 2. 

Each goat was completely submerged in a 50-gallon 
portable vat. After treatment each group was isolated ina 
separate pen to avoid contamination between treat- 
ments. The goats were examined for lice before treatment 
and several times afterwards, for 3 weeks. Any louse able 
to move legs or antennae was considered alive and the 


Table 1.—Relative effectiveness of dips of several 
chlorinated hydrocarbon insecticides for control of goat 
biting lice (10 goats per treatment). 








NuMBER or Goats 
INFESTED AFTER 


Per Cent 
CONCENTRA- 
INsEc TICIDE® TION Day 


Days Week Weeks Weeks 


Reneh 1 
5 


Toxaphene (L) 
pore (C) .25 
.25 
09+ .004 
Ranch 2 
0.25 0 
.25 2 0 
6 0 0 
.025 2 7 


tt dl +lindane (C) 
Toxaphene (C) 
DDT 


Methoxychlor (L) 
Liudane (L) 





® L indicates laboratory formulations and C commercial formulations. 


goat recorded as infested. Results of these tests are sum- 
marized in table 1. 

In the tests with goats from ranch 1 all insecticides were 
effective. DDT gave 100% kill in 48 hours, but the other 
materials required 1 to 2 eae 

Lice on goats from ranch 2 were eradicated by the 
DDT and methoxychlor dips. Lindane gave excellent 
immediate control but reinfestations developed in 3 
weeks, indicating a lack of residual effectiveness. Toxa- 
phene provided very little control, indicating that the 
lice were resistant to this insecticide. 

Fieitp Trsts.—Extensive field tests were then con- 
ducted to evaluate the effectiveness of toxaphene and six 
other insecticides as sprays for the control of goat lice. 
These tests involved 23 flocks, totaling more than 6,000 
animals. Flocks with different lengths of fleece were 
chosen. All flocks were heavily infested with biting lice 
but only one with sucking lice. 

The insecticides used were Delnav® (2,3- p-dioxanedi- 
thiol S,S-bis(0,0-diethyl phosphorodithioate), Dipterex® 
(0,0-dimethyl 2,2,2- trichloro-1 -hydroxyethylphosphon- 
ate), Bayer 21/199 (0-(3-chloro-4-methylumbelliferone) 
0,0-diethy! phosphorothioate), Sevin® (1-naphthyl N- 
methyl carbamate), ronnel [Korlan grade], malathion, 
and toxaphene. The concentrations ranged from 0.1 to 
0.5%, depending upon toxicity to animals and effec- 
tiveness in preliminary or screening tests. 


! Accepted for publication April 20, 1959. 
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Table 2.—Effectiveness of seven insecticide sprays for the 
control of goat biting lice in field tests. 








INSECTICIDE AND PER GALLONS 
Cent CONCENTRATION Usep 


Antmats TimeSince Days Berore 
TREATED SHEARING CompLeTE KILL 


Ronnel (25 WP) 
0.25 40 193 1 mo. 
594 23 mo. 
280 Shorn 
253 6 wk. 
394 5 wk. 
422 Shorn 
Delnav (30 EC) 
0.1 Incomplete” 
Incomplete 


236 1 mo. 
i 273 6 wk. 
15 f 250 2 wk. 
.2 176 Shorn 1 
Malathion (25 WP) 
qi 220 Shorn 1 

0.5 436 2 mo. 2-4 
Dipterex (50 SP) 
0.15 184 2 wk. 1 
0.25 545 pipet 4 1 
224 1 mo. 1 

Bayer 21/199 (25 WP) 


1% 


227 1 mo. 
170 2 mo. 1 
169 2 mo. 1 
225 Shorn 1 
420 5 mo. 2-4 


0.25 


Toxaphene (50 EC) 
0.5 436 2 mo. Incomplete” 
Sevin (50 WP) 

0.25 511 2 wk. 1 


0.5 125 460 5 mo. 5-7" 





® Complete kill also at next shearing. 
> Re-treated. 


The insecticides were applied with a power sprayer at 
a pressure of 250 to 300 pounds per square inch. Each 
animal was treated with approximately 1 quart of spray. 
This amount was more than enough to wet thoroughly 
freshly shorn goats, but the degree of wetting of others 
varied with the length and density of the hair. Goats 
were sprayed in small groups to insure that each animal 
was treated. 

Goats were examined for lice before treatment, after 
24 hours, and at various intervals thereafter. Three 
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flocks were examined at the next shearing, 2 to 4 months 
after treatment. 

Resutts.—Results of these tests are summarized in 
table 2. Bayer 21/199 and malathion at 0.1%, Delnav 
and Dipterex at 0.15% and Sevin and ronnel at 0.25% 
all gave complete kill in 1 day on goats freshly shorn or 
with 2 to 6 weeks’ growth of hair. Control on goats with 
2 to 5 months’ growth of hair was somewhat slower, 
from 3 to 5 days, with the same or higher concentrations 
of insecticide. An application of 0.25% ronnel to the one 
flock infested with sucking and biting lice apparently 
gave complete control of the latter in 1 day, but 4 days 
were required for the sucking lice (data not shown in 
table). The standard treatment of 0.5% toxaphene failed 
to give satisfactory control in 5 to 7 days and the flock 
was retreated with malathion. 

In a test with 0.2% Delnav, nannies were treated and 
after 4 hours returned to pens where their kids had been 
held. Subsequent observations showed that the nannies 
were free of lice but populations on the kids were not con- 
trolled. It was therefore indicated that control cannot be 
achieved without treating all the animals in a flock. 

Three flocks that had been treated with 0.5% ronnel, 
0.1% Bayer 21/199, or 0.5% Sevin were examined at 
the next shearing to ascertain whether the treatments had 
eradicated lice. All were free of lice. 
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ABSTRACT 


The attractiveness to house flies (Musca domestica L.) of traps 
containing other house flies feeding on sucrose is probably re- 
lated to a relative-humidity gradient generated by the moisture 
excreted by the flies. In a group of tests run at 50 to 73% 
ambient relative humidity flies responded to traps in which the 
relative humidity was 18 to 38% higher than the ambient value. 
The addition of about 6% of water to sucrose increased its 
attractiveness in petri-dish tests so that the mixture was usually 
more attractive than sucrose fed on by house flies. No evidence 
was found for a volatile chemical reaction product of sucrose 
having appreciable attractiveness. In the tests only 10 to 15% 
of the flies were attracted to fed-on sucrose, indicating that the 
fly factor is a low-order attractant. 





_ The presence of an unknown attractant, or fly factor, 
in food baits such as cornmeal mush, proteose, and pep- 
tone that had been visited and fed on by house flies 


(Musca domestica L.) was demonstrated by Barnhart & 
Chadwick (1953). These investigators concluded that 
flies visiting a bait contribute to it some substance that 
makes it more attractive to the species. 

From his experiments with black blow flies (Phormia 
regina (Meig.)) on the mode of action of sugar-baited fly 
traps, Dethier (1955) confirmed the existence of a fly 
factor. In addition, he concluded that it is not species 
specific and is composed of two volatile substances which 
might be identical—(1) a contaminant deposited on the 
glass funnel of the trap by escaping flies, and (2) material 
formed by a reaction between sucrose and something 
generated by the flies. 
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Workers at the Orlando, Florida, laboratory have been 
attempting for some time to establish the nature of this 
fly factor because of its possible importance as an aid in 
the control of house flies, which are becoming increasingly 
resistant to a broad group of insecticides. These studies 
are described in this paper. 

PRELIMINARY ExpeRIMENTS.—Beginning in 1953, ex- 
periments were conducted (1) to extract an attractant 
from the atmosphere of the fly-rearing room, or from air 
bubbled through heated solutions of fed-on sucrose, by 
passing the air through traps containing 95% ethanol, 
and (2) to remove an attractant from fed-on sucrose by 
solvent extraction.’ The liquid samples in drinking-glass 
traps closed with wire-mesh funnels, and the solid sam- 
ples in petri dishes were tested for attractiveness in a 9- 
by 11-foot room stocked with 2,000 to 4,000 house flies 
from the Orlando regular colony. The data indicated 
that the flies chose certain test samples in preference to 
others, but no correlation appeared between the attrac- 
tiveness of the samples and their mode of preparation. 

In 1956 some of these experiments were repeated with 
slight modification. Air from the rearing room was drawn 
through 95% ethanol contained in gas-washing bottles 
for different lengths of time. In some tests the ethanol 
from the traps was distilled to a small volume at at- 
mospheric pressure; in others it was distilled at 1 mm. 
pressure, completely or almost so in a closed system at 
room temperature. Tests of the samples of trap ethanol, 
of distillate, and of residue were made in the drinking- 
glass traps. The data given in table 1 show that the sam- 
ples were usually more attractive than 95% ethanol, but 
not more than 50% ethanol. Again the data failed to cor- 
relate attractiveness with the length of the absorption 
period. 

In another experiment house flies were allowed to feed 
on sucrose (2,000 flies per 50 grams for 2} days) exposed 


Table 1.—Attractiveness to house flies of ethanol extracts 
of air from the rearing room." 





Ratio To 
STANDARD 


DatE Days 
(1956) ExTRracTION ATTRACTANT 


Standard 95% ethanol (10 ml.) 
Residue (atmosphere) 13. 
Residue (vacuum, dry) 
Distillate 
Trap ethanol 
Residue (atmosphere) 
Distillate 
Trap ethanol: 
10 ml. 
20 ml. 
40 ml. 
Residue (atmos.) 11.5 ml., 
equiv. 175 ml. 


July 26 5 
30 3 


August 8 


Trap ethanol, 20 ml. 
Residue (atmos.) concentrated 
10:1 
20:1 
3 Residue (atmosphere) 
24 9 Residue (vacuum, wet) 


Standard 50% ethanol (10 ml.) 


Residue (atmosphere) 
Residue (aged 4 weeks) 


October 5 17 





® Glass-trap tests. 
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Table 2.—Attractiveness to house flies of different sam- 
ples of fed-on sucrose, their ether extracts, and their marcs,* 








Ratio v0 
STANDARD 


STANDARD ATTRACTANT 


Fed-on sucrose: 
Lot A 1.9 
Lot B 23.8 


Ether extract of lot B, on marc 12. 
Mare, lot B 


Sucrose 


Fed-on sucrose, lot A Ether extract of lot A, on marc 
Mare, lot A 
Ether extract of lot B: 
On mare 
On sucrose 
Marc of lot B plus ether 


Sucrose plus ether 





® Petri-dish tests. 


in petri dishes or on metal foil. The fed-on sucrose was 
then ground and used at once or stored in a sealed con- 
tainer in a freezing chest. Portions were extracted with 
ether, and various combinations of the extracted fed-on 
sucrose, or marc, and the ether extract were compared 
with different standards by exposure in petri dishes after 
equivalent quantities of the liquids had been added to 
the solids and allowed to evaporate. Data presented in 
table 2 show the wide variation in activity sometimes 
encountered among samples from different lots of fed-on 
sucrose, the results being similar to those obtained 
previously when acetone and ethanol were used for 
extraction. 

Improved Test Procepures.—The need for a more 
controlled procedure for testing house fly attractants 
was apparent. Two procedures were developed. 

Groups of 500 4-day-old Orlando regular-colony house 
flies under carbon dioxide anesthesia were selected 18 
hours prior to the tests to allow for complete recovery. 
During this period the flies were offered a 10% honey 
solution. Then one group of flies was released in each of 
three screened cages (4-foot cubes) placed within a 9- 
by 11-foot room where the temperature was maintained 
at 79° to 84° F. The atmosphere of the room was circu- 
lated over porous firebricks placed in a pan of water so 
that the humidity was maintained at 50 to 73%. The 
flies were provided with drinking water and allowed to 
feed on sucrose for 30 minutes. One hour later the flies 
were again offered sucrose, and the tests were begun 
after 2% of the flies had fed. 

Petri-dish Tests.—Four grams each of the unknown and 
of the sucrose standard in petri dishes were exposed in a 
cage. After 2 minutes the flies feeding on each sample were 
counted and disturbed from the dishes. Then the positions 
of the dishes were reversed and the samples were exposed 
for another 2 minutes. Four exposure periods constituted 
a test, and each test was replicated in two other cages. 
The ratio of the number of flies that fed on the unknown 
to the number that fed on the standard was calculated. 
Usually only 10 to 15% of the insects in a cage reacted to 
the samples. 

Glass-trap Tests——Four grams of the unknown was 
placed in a 12-ounce drinking glass and covered with wire 
mesh. A wire-mesh funnel having a }-inch opening was 
placed in the mouth of the glass to complete the trap. 
The number of flies in this trap compared with those in 


‘Experiments conducted by J. C. Keller, H. G. Wilson, and P. L. Davis. 
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Table 3.—Effect of different amounts of water on the at- 
tractiveness of sucrose and fed-on sucrose to house flies.* 


—— 
= 








Per Cent or WATER 


SraANDARD IN SUCROSE Ratio To STANDARD 


——— 


Sucrose 





mm 20 
Sm OOD ew Or 


Fed-on sucrose 
Plus water 
3.1% 
1.6% 


4 Petri-dish tests. 





another trap containing a suitable standard was deter- 
mined after 30 minutes in each of the cages. These test 
procedures were used in the following experiments unless 
otherwise noted. 

Srupies oF Moisture Errects.—The lack of correl- 
tion in the results of the previous experiments cast some 
doubt as to the presence of a specific chemical attractant 
inthe atmosphere of the rearing room or in fed-on sucrose. 
Therefore, a different nature of the fly factor was in- 
dicated. Obviously moisture could have been absorbed 
from the atmosphere by the trap ethanol, and the con- 
centrated trap solutions could have contained more water 
than the original 95% ethanol. Moreover, moisture from 
the atmosphere could have condensed on the sucrose 
samples during the removal of the organic solvent by 
evaporation. 

Therefore, tests were conducted to determine the re- 
lation of moisture to attractiveness. In one test 95% 
ethanol was less attractive in glass-trap tests than 
aqueous solutions containing 3 to 48% of ethanol; the 
lower concentrations were the more attractive. In another 
test 4 ml. of ethanol, acetone, or ether was mixed with 
separate 4-gram lots of sucrose and allowed to evaporate. 
The residues were then tested in petri dishes, and the 
following ratios of attractiveness to the sucrose standard 
were obtained: ethanol 5.83, acetone 3.67, ether 4.96. 
Then petri-dish tests were made on samples of sucrose to 
which 0.8 to 25% of water had been added, and the re- 
sults (table 3) showed that the attractiveness of the su- 
crose increased to a maximum at 6.3% of water and then 
decreased as more water was added. It was also found 
that the lower concentrations of water were more attrac- 
tive than fed-on sucrose either alone or with the same 
quantities of water added. Moreover, a round-robin 
petri-dish test in which each sample was compared with 
each other sample in a series (table 4), indicated the 
superiority of the sucrose-water mixture over fed-en 
sucrose 
_ From these results it was concluded that the fly factor 
is most likely an effect of moisture, and that fed-on 
sucrose is more attractive than sucrose because flies leave 
itin a better condition to maintain its moisture. The 
latter point was also indicated in drying experiments, 
when it was observed that fed-on sucrose absorbed mois- 
ture more readily and held moisture more tenaciously 
than sucrose. 
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Table 4.—Attractiveness to house flies of fed-on sucrose 
and sucrose plus water in a round-robin series of Petri- 
dish tests. 








NuMBER OF FLIES 





Ratio To 
STANDARD 


Adjusted 


ATTRACTANT Range Average 





Fed-on sucrose 
Lot A 2-49 23. 


Sucrose 
Plus water 6.3% 32. 
Standard 9 11. 


L.S.D. at 5% level 10. 





The validity of this conclusion was tested by using the 
double-partition glass traps that led Dethier (1955) to 
draw his conclusions. Contrary to Dethier’s finding that a 
doubie-partition trap was not effective, in these experi- 
ments it was found that the exposure of two such traps, 
each containing 25 flies feeding for 18 hours on 10 grams 
of sucrose, was very effective, since each caught 200 to 300 
flies of the 2,000 placed in a rearing cage. After the flies 
had been removed from the traps, it was determined that 
the fed-on sucrose contained 7.8% of moisture. 

To determine the relative effectiveness of traps that 
contained this quantity of moisture for flies feeding on 
sucrose, round-robin tests were run for 19 hours in cages 
stocked with 2,000 flies each. Table 5 shows that the 
traps containing 25 flies feeding on sucrose were no more 
effective than traps containing sucrose plus water, water 
on filter paper, or 25 flies alone. Therefore, it seemed un- 
likely that the fly factor was contamination or a reaction 
product of sucrose, but, instead, moisture operating in 
some unknown manner. 

Errect oF Rexative Humipity.—To learn whether 
the fly factor might be identified with relative humidity, 
round-robin tests were made with glass traps in which the 
relative humidities were controlled through the use of 
aqueous solutions of sulfuric acid. Twenty ml. of the ap- 
propriate solution was added to each trap and allowed to 
equilibrate for 6 hours in the test cage stocked with 2,000 
flies. The traps were then opened and the number of flies 
in each trap was determined after 2 hours. This shorter 
interval was used, since some parallel tests had shown 
that the final results were not unduly affected by it. These 
tests indicated that the flies preferred relative humidities 


Table 5.—Attractiveness to house flies of sucrose, living 
flies, and water in a round-robin series in glass traps. 








NuMBER OF FLIES 


Adjusted Ratio To 
Range Average STANDARD 


ATTRACTANT 


Sucrose 10 grams, plus — 
25 Flies 
Water 0.7 ml. 

25 Flies 


28-243 100. 
108-317 =. 207. 
148-493 297. 
Water 0.7 ml. on filter paper 173-443 296. 
Standard, empty trap 134-355 281. 

L.S.D. at 5% level - 89. 
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Table 6.—Number of house flies attracted to glass traps 
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Table 8.—Effect of drying on attractiveness of fed-o 
sucrose to house flies. Petri-dish tests. 


re 





adjusted to various humidities in a round-robin series. 


— 





No Water IN 


CAGE WATER IN CAGE 


Ratio TO 
STANDARD 


ConDITION OF FEeD-on 
STANDARD SUCROSE 


ny 








Adjusted 


Adjusted 
Average 


Range Average Range 


Per Cent Reta- 
TIVE Humipiry 








100 4-68 27. 
90 10-46 25. 1-17 
80 1-81 23. 1-17 
70 1-51 es 0-11 
60 1-32 12. 0-10 
L.S.D. at 5% level --- 79 — 


0-17 6. 
7 





of 60% and 80% to 20% and 40% but made little choice 
between 20% and 40% or between 60% and 80%. 

In a repetition of these tests to cover the relative 
humidity range of 60% to 100% (table 6), the flies 
preferred the traps in which the relative humidity was 
greater than 80%. During these tests the average relative 
humidity of the room was 18 to 38% lower than that of 
the traps. When the drinking water was removed from 
the cages at the beginning of the tests, the flies showed a 
preference for higher humidities than when drinking 
water was available. 

To learn whether the attractiveness of fed-on sucrose 
might be correlated with relative humidity, it was com- 
pared with sucrose equilibrated at 90% relative humidity 
for 6 hours. The samples were placed in the traps on 
pieces of cotton sheeting supported on the lower partition. 
As anticipated, both fed-on sucrose and sucrose equili- 
brated at 90% relative humidity were slightly better 
than the sucrose standard (table 7), but no significant 
differences between any of the samples were evident. Al- 
though these results indicated that fed-on sucrose con- 
tained nothing more attractive than moisture, the corre- 
lation of the fly factor with relative humidity was less 
conclusive than had been anticipated from the results of 
the previous experiments. 

DryinGc ExpertMents.—In a further attempt to show 
the presence of an attractive reaction product of sucrose 
or some attractant other than water, 4-gram samples of 
fed-on sucrose obtained during the winter and early 
spring were oven dried to constant weight at 100° to 
105° C. and atmospheric pressure. The moisture content 
of these samples differed (0.25%, 0.46%, and 0.66%), 
and they caramelized more or less during the drying 
process. However, the moisture content of samples of the 
sucrose standard differed also (0.138% and 0.28%). A 


Table 7.—Attractiveness to house flies of fed-on sucrose 
and sucrose plus moisture in round-robin glass-trap tests. 


Sucrose 
Undried Undried 2.4 
Oven-dried plus water 
removed by drying 2.3 
Oven-dried Oven-dried 1.0 
Fed-on sucrose 


Oven-dried Vacuum-dried 





quantity of water equivalent to the moisture the samples 
had lost on drying was then added to some of the dried 
fed-on sucrose, and then these samples were tested in 
petri dishes for attractiveness to house flies in comparison 
with the fed-on sucrose, the dried fed-on surcose, and the 
dried sucrose. Data given in table 8 show that the fed-on 
sucrose was more attractive than the sucrose standard, 
On the contrary, the dried fed-on sucrose was no more 
attractive than the dried sucrose, but the reconstituted 
samples of fed-on sucrose regained their superiority over 
the sucrose standard. These results again indicated that 
the only attractive material contained in fed-on sucrose 
was moisture. 

In order to eliminate any effect of caramelization, fed- 
on sucrose obtained in the summer was dried at 80° C. 
and 1 mm. pressure. The moisture content of this fed-on 
sucrose was 0.10% and that of the sucrose standard 
0.13%. The reconstituted samples of dried fed-on sucrose 
were not comparable with those used in the previous ex- 
periment owing to the difficulty of distributing the micro- 
quantity of water that had been removed. The results of 
two round-robin tests to compare these samples of fed-on 
sucrose before and after drying are shown in table 9. 
Fed-on sucrose was more attractive than the sucrose 
standard, but there was no significant difference between 
the fed-on sucrose before and after drying. 

These results did not agree with those shown in table§, 
which indicated the absence of an attractive reaction 
product of sucrose. No explanation for this discrepancy 
is apparent at present, because three tests showed prac- 
tically no difference in attractiveness between oven-dried 
and vacuum-dried fed-on sucrose. 

Discussion.—Dethier (1955) considered that water 
vapor might affect the attractiveness of baits. However, 
he tested only 0.01, 0.1, and 1.0 molar solutions of 
sucrose. Since the lowering of the vapor pressure by 4 


Table 9.—Attractiveness of fed-on sucrose, before and 
after drying, to house flies in round-robin petri-dish tests. 
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NuMBER OF FLIES 


Adjusted Ratio To 


Range Average STANDARD 


ATTRACTANT 


NuMBER OF FLIES 





Adjusted Ratio 0 


ATTRACTANT Range Average Sranpagd 





Fed-on sucrose 2-78 $2.2 1.4 
Sucrose: 
Plus 6% water 


At 80% relative humidity 


2-37 0.9 
0-64 19. 0.8 
At 90% relative humidity 3-108 : 1.2 
Standard 4-57 ‘ 1.0 

L.S.D. at 5% level — 10. -- 


Fed-on sucrose 
Before drying 
Vacuum-dried 
Vacuum-dried plus water 
removed on drying 59-135 
Sucrose standard 7-23 
L.S.D. at 5% level — 


75-111 
50-136 
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nonvolatile solute is proportional to its mole fraction 
(Raoult’s Law), the vapor-pressure lowering in the high- 
est concentration was less than 3% which corresponds to 
about 97% relative humidity. Therefore, none of the 
three solutions that he tested gave a relative humidity 
helow 97%. In addition, he reported that soiled funnels 
were attractive but rapidly lost their attractiveness on 
exposure. This effect may be due to moisture, since 
yomitus or excreta would be moist when freshly deposited 
but would lose their moisture to the atmosphere. 

The possibility that feeding flies excrete an enzyme 
that converts sucrose to an attractant or that flies are 
attracted to their excreta has not been excluded. If this 
does occur, however, the attractant must have a specific 
activity much less than that of moisture or occur in 
insignificant quantity; otherwise, traps containing flies 
feeding on sucrose (table 5) would have been the most 
attractive on the assumption that the effects of the at- 
tractive forces are additive. 

The activity of the flies diminished as the weather be- 
came warmer during the time the tests on the effect of 
humidity and drying were run. Although the decrease in 
activity did not appear to decrease the validity of these 
tests, the differences in attractiveness between the sam- 
ples decreased as the weather became warmer. Moreover, 
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the moisture content of fed-on sucrose was lower and 
differed very little from that of the sucrose standard. 

The results of these experiments confirm some of the 
conclusions presented by Barnhart & Chadwick (1953) 
and Dethier (1955)—e.g., the existence of a fly factor, its 
volatile nature, and its potential formation by the flies 
themselves. On the other hand, no evidence was found for 
the formation of such a factor by a reaction between su- 
crose and something generated by the flies. It is con- 
cluded that this fly factor is mostly moisture. It seems evi- 
dent that flies respond, not to moisture itself, but to the dif- 
ference between the relative humidities generated by the 
samples undergoing test and the relative humidity of the sur- 
rounding atmosphere. No evidence has been found of any 
other attractive material of appreciable potency in fed-on 
sucrose. Because of the small percentage of the insects 
that responded in the tests, it has also been concluded 
that the fly factor is a low-order attractant. 
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Relative Efficiencies of Certain Spray Nozzles for Cotton Insect Control 


Perry L. Apxisson, L. H. Witxes, and B. J. Cocuran,? Texas Agricultural Experiment Station, College Station 


ABSTRACT 


Two conventional cone-type spray nozzles were compared 
with three kinds of wideswath, jet-type nozzles for effectiveness 
incontrolling the boll weevil, Anthonomus grandis Boh., and the 
bollworm, Heliothis zea (Boddie). The wideswath nozzles were 
capable of spraying 6 to 12 rows per nozzle. Tests were arranged 
inrandomized replicated small plots and were conducted under 
irrigated and dry-land conditions. Three rates of application 
per acre were used. 

Results indicated that the conventional cone-type nozzles pro- 
duced significantly better control of the boll weevil than the 
wideswath nozzles. They also were slightly more effective for 


controlling the bollworm. All treated plots produced significantly 
higher yields than the untreated check. However, the highest 
yields were harvested from the plots sprayed with the conven- 
tional cone type nozzles. 

Card data collected for droplet size indicated that the wide- 
swath nozzles produced larger droplets and decreased plant 
coverage with an increase in distance from the nozzle. Weevil 
mortality records and yield data indicated that this larger drop- 
let size was mainly responsible for the inferior performance of 
the wideswath nozzles when compared with the cone nozzles. 





Research has been conducted at the Texas Station for 
the past several years with regard to improving methods 
of insecticide application for control of cotton insects. 
Dean & Gaines (1950) compared spray and dust formu- 
lations of certain insecticides and found little difference 
between the two for control of the boll weevil, Anthono- 
mus grandis Boh., and the bollworin, Heliothis zea (Bod- 
die). Miller & Gaines (1951) reported that 1.8 gallons of 
spray per acre was as effective as 13.5 gallons for cotton 
insect control provided an equal amount of active toxi- 
cant per acre was used. Further work by Brown & Hanna 
(1954) confirmed these results, as they reported that 
about equally effective control of boll weevils and boll- 
Worms was obtained by timely applications of either 2, 
6, or 14 gallons of spray per acre. The amount of toxicant 
per acre was held constant for the various gallonages. 
Smith & Hanna (1955) and Smith et al. (1956) summa- 
tized results of tests conducted during 1952-56 which in- 


dicated that cone-type nozzles were more effective for 
cotton insect control than fan-type spray nozzles. These 
workers also reported that nearly equal insect control and 
yields can be obtained with one cone nozzle per row de- 
livering 2 gallons of spray per acre as with more costly 
and complex arrangements using two or three nozzles per 
row and delivering more spray per acre. Additional work 
by Magee & Davenport (1959) supported this earlier re- 
search, as they found sprays were equal to dusts, and that 
one cone nozzle per row delivering 2 gallons of spray per 
acre was as effective as arrangements using five nozzles 
per row delivering up to 30 gallons per acre. Results se- 
cured by these authors indicated that certain of the new 
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jet-type, wideswath, boomless nozzles showed promise 
for cotton insect control. Results of experiments in which 
these nozzles were used in applying insecticides for con- 
trol of the boll weevil and bollworm are reported herein. 

Description or NozzLeE Types AND ARRANGEMENTS. 
—Two arrangements of conventional cone-type nozzles 
were included in these experiments as standards for com- 
parison. No. 6 cone nozzles spaced 40 inches apart on a 
12-row sprayer boom were used for one arrangement. This 
arrangement placed one nozzle directly over each row. 
The No. 6 nozzle will deliver 7.2 gallons of spray per 
hour at 60 pounds of liquid pressure per square inch 
(p.s.i.). The other cone-nozzle arrangement utilized No. 3 
cone nozzles spaced 20 inches apart on a 12-row boom. 
This arrangement positioned one nozzle over the row and 
one over the middle in an arrangement which made pos- 
sible a blanket application along the length of the boom. 
The No. 3 nozzle will deliver 3.6 gallons of spray per hour 
at 60 p.s.i. 

The wideswath jet-type nozzles did not require a spray- 
er boom for mounting. They were placed on special 
mounts at the rear of the sprayer, which could be lowered 
or raised as necessary in order to position the nozzles 36 
to 40 inches above the tops of the plants. Three types of 
these nozzles,’ Fieldjet, Floodjet, and Boomjet, were 
used. The maximum swath width of the Fieldjet and 
Floodjet was six rows, thus each nozzle was positioned 
over the third and fourth rows of the swath during opera- 
tion. These nozzles were mounted in pairs in order to 
spray a 12-row swath with one pass of the machine. The 
Boomjet will spray a 12-row swath and this nozzle was 
positioned over the sixth and seventh rows of the swath 
during operation. 

The Fieldjet nozzle will deliver 1.8 gallons per minute 
at 40 p.s.i. Spray from this nozzle was delivered at a wide 
angle from the nozzle orifice and was directed downward 
at approximately 45° to the ground line. 

The Floodjet was similar to the Fieldjet except that 
spray was directed on a plane parallel to the ground line. 
This nozzle will deliver 1.7 gallons per minute at 35 p.s.i. 
The average spray angle at this pressure is approximately 
160°. 

The Boomjet, a single compact assembly containing 
five nozzle tips, was designed and positioned to deliver a 
spray pattern over a swath 38 to 66 feet wide. The nozzle 
used in these tests will deliver 3.5 gallons per minute over 
a 40-foot swath at 30 p.s.i. 

EXPERIMENT 1.—Five spray-nozzle arrangements were 
tested in a randomized block design. Each treatment was 
replicated four times. Plots were 12 rows wide and 65 feet 
long. A 40-foot buffer zone was established at the ends of 
each plot in order to minimize effects of spray drift. 
Treatments applied were: (1) check, no insecticidal ap- 
plications during the test period; (2) one No. 6 cone noz- 
zle per row calibrated to deliver 6 gallons of spray per 
acre at 60 p.s.i.; (3) two No. 3 cone nozzles per row cali- 
brated to deliver 6 gallons of spray per acre at 60 p.s.i.; 
(4) Fieldjet calibrated to deliver 6 and 10 gallons per 
acre at 32 p.s.i.; and (6) Boomjet calibrated to deliver 6 
and 10 gallons per acre at 31 p.s.i. The desired amounts 
of spray per acre were obtained by varying the sprayer 
ground speed. For example, the 6-gallon-per-acre rate 
with the Floodjet was obtained by using a nozzle pres- 
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Table 1.—Average seasonal insect infestation and yields 
of irrigated spray plots, College Station, Texas. 1958. 
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® Per cents are expressed as angles. 
> Based on seven counts (July 1 to Aug. 11). 
© Based on three counts (Aug. 4 to 19). 


sure of 32 p.s.i. and a ground speed of 7 m.p.h. To obtain 
the 10-gallon rate with this nozzle, the speed of the spray- 
er was decreased to 4 m.p.h. 

This experiment was located in an irrigated field which 
had received the early-season insect control program as 
recommended in the Texas Agricultural Extension Sery- 
ice Guide L-218, “Texas Guide for Controlling Cotton 
Insects.” Late-season applications made during the test 
period were predicated on insect counts. Treatment 
schedules varied somewhat from those recommended be- 
cause of rainfall and irrigation practices. All plots re- 
ceived the same amount of actual toxicant per acre re- 
gardless of the schedule or gallonages per acre. Five ap- 
plications of toxaphene-DDT were made at the rate of 
2.0 pounds actual toxaphene plus 1.0 pound of actual 
DDT per acre per application. This mixture was applied 
July 2, 15, 21, 28, and August 6. Guthion-DDT at the 
rate of 0.3 pounds of actual Guthion® (0,0-dimethyl 
S-(4-oxo-3H-1,2,3-benzotriazine-3-methyl) phosphorodi- 
thioate plus 1.0 pound of actual DDT per acre was ap- 
plied on July 23, 31, August 11, and 16. Owing to an 
error, all plots were sprayed by airplane with 0.5 pounds 
of actual methyl parathion on July 9. All sprays were pre- 
pared from emulsifiable concentrates and were applied 
with a high-clearance ground sprayer. 

Insect and yield records were taken from the four cen- 
ter rows of each plot. The plants reached a maximum 
height of approximately 5 feet during the growing season. 

The percentages punctured squares recorded for the 
treatments, as shown in figure 1, indicated that the con- 
ventional low-gallonage, cone-type nozzle arrangements 
using either one nozzle directly over the row or one nozzle 
every 20 inches along the boom were most effective i 
controlling the boll weevil. The infestations in plots 
sprayed with the wideswath nozzles approached that re- 
corded for the untreated check. The maximum infesta- 
tion recorded for the check approached 80% punctured 
squares and furnished evidence of the degree of weevil 
pressure present in the experiment. 

Seasonal average percentages of punctured squares re- 
corded among the treatments were transformed to angles 
and subjected to the analysis of variance (table 1). These 
results indicated that the arrangements of one or two 

Furnished by the Spraying Systems Co., Bellwood, Illinois. The use of trade 
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Fic. 1.—Weekly average boll weevil and bollworm square infestations recorded among various plots in Experiment 1. Bollworm 
infestations are illustrated by the solid black bars. 


cone nozzles per row resulted in highly significantly bet- 
ter weevil control than the other nozzles. There were no 
significant differences in the boll weevil square infesta- 
tions recorded among the wideswath nozzle and check 
plots. 

Weekly bollworm-injured-square records indicated that 
all the nozzle arrangements produced some control of this 
insect (figure 1). Statistical analysis of the seasonal aver- 
age bollworm square infestations (table 1) indicated that 
the one No. 6 cone nozzle per row treatment had signifi- 
cantly fewer injured squares than any of the plots. All 
the sprayed plots had significantly less bollworm square 
injury than the check. Records for percentage bollworm 
injured bolls (table 1) indicated highly significant more 
boll damage in the check than in the sprayed plots. Cer- 
tain of the nozzle arrangements were slightly more effec- 
tive than others. 

Infestation records indicated that there was little dif- 
ference in the control obtained between the 6 and 10 gal- 
lon tates of application with the wideswath nozzles. 

Yields as reported in table 1 indicated that all the 
sprayed plots yielded considerably more cotton than the 
untreated check. The one- and two-cone-nozzle-per-row 
arrangements and the Floodjet at 10 gallons per acre 
produced yields significantly higher than harvested from 
plots sprayed with the other nozzles. These treatments 
resulted in gains of approximately 1,000 pounds of seed 
cotton per acre when compared with the check. Yields 
harvested from the Floodjet sprayed plots were higher 


than the insect control resulting from its use would indi- 
cate. No significant differences in yields between the 6- 
and 10-gallon rates occurred for the other wideswath 
nozzles. 

EXPERIMENT 2.—The same general procedure was 
used in this test, as outlined in experiment 1 with regard 
to plot size, plot design, infestation records, spray ma- 
chines, nozzle arrangements, yield records, et cetera. 
Exceptions will be noted below. 

The same nozzle arrangements as tested in experiment 
1 were used in this experiment. However, all nozzles were 
calibrated to deliver 9 gallons of spray per acre. The same 
pressures as indicated for each nozzle in experiment 1 
were maintained, but ground speed of the sprayer was 
varied to obtain the desired dosage. 

The experiment was located in a nonirrigated field. 
Frequent showers allowed the plants to produce rank 
growth and they reached a maximum height of approxi- 
mately 6 feet during the test period. No insecticides had 
been applied to the field prior to this experiment. A mix- 
ture of 2.0 pounds actual toxaphene plus 1.0 pound ac- 
tual DDT per acre was applied on July 16, 25, 30 and 
August 4. Guthion-DDT at the rate of 0.3 pound plus 
1.0 pound of active ingredient, respectively, per acre was 
applied on August 8, 13, 18, and 21. A single application 
of 1.5 pounds of actual DDT per acre was applied on 
July 21. The check received no insecticides during the 
season. 

Results, as presented in table 2, were comparable to 
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those obtained in experiment 1. The use of conventional 
cone-type nozzles produced better control of the boll wee- 
vil and bollworm than the wideswath nozzles. The Flood- 
jet did not perform so well in this test as in experiment 1. 
The boll weevil infestation recorded in the plots treated 


Table 2.—Seasonal average insect infestations and yields 
of dryland spray plots, College Station, Texas. 1958. 
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Photographs of spray droplets collected on 3X 5-inch index cards when located various row distances from the nozzle. 


with this nozzle were slightly higher than recorded in the 
check. In this test the Boomjet was nearly as effective in 
controlling the boll weevil and the bollworm as the con- 
ventional nozzles. 

All the sprayed plots produced significantly more seed 
cotton per acre than the checks did, with gains of ap- 
proximately 1,000 pounds resulting from the use of the 
most effective nozzles. The one- and two-cone-nozzle-per- 
row arrangements produced significantly more cotton 
than any of the other nozzles, except the Boomjet. The 
differences in insect infestations among the plots as re- 
flected by the seasonal averages would not indicate such 
differences in yield. However, the plots sprayed with the 
conventional cone nozzles had lower weekly boll weevil 
square infestations than the other plots for all counts ex 
cept the last two. At this time, a scarcity of squares and 
weevil migration into the experiment resulted in a high 
percentage of punctured squares in these plots and tended 
to bring the seasonal averages for all plots closer together. 
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Data presented for experiments 1 and 2 illustrate the 
consistency of control that can be obtained with the con- 
ventional cone-type nozzle arrangements. At the same 
time, the inconsistency of results obtained between ex- 
periments for the wideswath nozzles is pointed out. 

It appears from the literature cited and from results of 
these experiments that cone-nozzle arrangements of one 
nozzle per row or nozzles spaced 20 inches apart on the 
boom will produce as effective cotton insect control as 
will the more complicated cone-nozzle arrangements, and 
better control than can be expected from the use of wide- 
swath jet nozzles. 

ExPeRIMENT 3.—Early in Experiments 1 and 2 it be- 
came apparent that the wideswath nozzles were not so 
effective as the conventional cone nozzles. Therefore, 
observations were made as to the reasons for their in- 
effectiveness. Spray residue on the plants indicated that 
the droplet size produced by the wideswath nozzles pro- 
gressively increased with distance from the nozzle orfices. 
That is, larger droplets were found on plants 3 to 6 rows 
from the nozzles than were present on plants of rows ad- 
joining the nozzles. Also, it appeared that spray coverage 
of the plants decreased as droplet size increased. Thus, 
plants on the outer rows of the spray swaths of the wide- 
swath nozzles did not receive as complete coverage as the 
plants on rows adjoining the nozzles or as the plants 
sprayed with the cone nozzles. Experiments were con- 
ducted in order to obtain data on these observations. 

Specially built racks equipped with card holders ca- 
pable of holding 3-5-inch index cards were constructed 
of metal rods. These racks were attached to growing 
plants of each row in the spray swath for each nozzle. 
The index cards were attached in a position which simu- 
lated the upper leaves of the plants. The 3-X5-inch card 
was selected since its total area approximates that of the 
average sized cotton leaf. A carmine-type dye was added 
to the spray emulsion and card data on droplet size were 
thus collected under field conditions. The addition of dye 
to the spray made the droplet readily visible to the eye. 

For the Fieldjet and Floodjet nozzles, card holders 
were located on rows adjoining the nozzle (rows 3 and 
4) and two rows (rows 2 and 5) and three rows (rows 1 
and 6) from the respective nozzles. For the Boomjet, 
card data were obtained for rows 1 through 6 with row 1 
being farthest (six sows) from the nozzle and row 6 being 
the row adjoining the nozzle. Only one position was used 
for the cone nozzles, and that was a card holder located 
directly under the nozzles. The spray patterns collected 
on the various cards were photographed and are pre- 
sented in figure 2. 

Results indicated that the No. 3 cone nozzle produced 
the smallest size droplet, followed by the No. 6 cone noz- 
ale. Both nozzles yielded complete and uniform coverage. 
The droplet size produced by each of the wideswath noz- 
ales increased greatly as the distance from the nozzle was 
increased. From the card data, it appears clear that as 
droplet size increased plant coverage decreased. Droplets 
produced on rows closest to the wideswath nozzles were 
of an approximate size to those produced by the No. 6 
cone nozzle and coverage was comparable. No data were 
obtained for density of droplets, but it appeared that the 
larger droplets were more dense than the smaller ones. 

As the card data indicated considerable differences in 
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Table 3.—Percentage mortalities of boll weevils caged on 
cotton plants at various locations and distances from several 
spray nozzles, College Station, Texas. 1958. 








CaGce Location 





44 MEAN 


Nozz_e Usep gb 8° 





Check 7.6 7.5 11.6 
1 No. 6 , 59.5 81.1 
Fieldjet at: 56.0 
Floodjet , 10. 53.5 
Boomjet : aa. 46.1 


Mean ’ 27. _ 
L.S.D. at 5% level 30.7 
at 1% level 43.0 





® Weevils caged on plant terminals directly under nozzles. 

b Weevils caged on plant terminals of swath row farthest distance from 
nozzles; under No. 6 nozzle, 3 rows from Fieldjet and Floodjet, and 6 rows from 
Boomjet. 

© Weevils caged on same rows as b, except were caged midway down the 
plants. Cages were placed in middle toward the nozzles. 

4 Weevils caged on same plants and same positions as c¢, except cages were 
placed in opposite middles. 


the sizes of droplets produced along the spray swaths, 
cage tests were conducted to determine the effects on boll 
weevil control. Cages were constructed of pint ice cream 
cartons which had the original ends removed and screen 
disks inserted in the openings. The cages were placed on 
the cotton plants at various positions and distances from 
the respective spray nozzles as reported in table 3. Only 
one cone nozzle (No. 6, one per row) was used in this test. 

The cages were placed on the plants and the weevils 
installed within 2 hours after spraying with the Guthion- 
DDT mixture. Plants were approximately 44 feet tall at 
the time of the test. Three- to five-day-old square-reared 
weevils were used in the tests. Ten weevils were installed 
in each cage and eight cages were used at each position. 
Comparable checks were installed in the untreated plots. 
Cages were allowed to remain on the plants for 24 hours, 
at which time they were removed and weevil mortality 
determined. Mortality was corrected by Abbott’s formu- 
la (Abbott 1925). Results as presented in table 3 indi- 
cated that all the nozzles gave control of weevils caged on 
the plant terminals at all locations along the spray swath, 
with the exception of the Boomjet. The kill of weevils 
caged on the outer edge of the swath (6 rows from the 
nozzle) obtained by this nozzle was considerably below 
that recorded for the other nozzles. When weevils were 
confined in cages located midway on the plants, the con- 
trol obtained by the wideswath nozzles was drastically 
reduced. This probably accounts for their inefficiency in 
keeping the percentage weevil-punctured squares at levels 
comparable with the cone nozzles. The means for mor- 
tality of all locations indicated the superiority of the 
cone nozzle, as it produced approximately 30% higher 
mortality than the wideswath jet nozzles. 

Yield records were taken from each row of the plots 
treated with the wideswath nozzle. Comparable rows 
within each plot were paired and the yields combined, 
i.e., yields of row 1 and 12 in the Boomjet plots were com- 
bined as these rows were comparable with regard to dis- 
tance from the nozzle. Results for these nozzles are pre- 
sented in figures 3, 4, and 5. These data indicated that 
yields per row decreased with distance from the nozzles 
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Fic. 3.—Pounds of seed cotton harvested from paired rows 
sprayed by the Fieldjet nozzle at 6 and 10 gallons per acre. 
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Fic. 4.—Pounds of seed cotton harvested from paired rows 
sprayed by the Floodjet nozzle at 6 and 10 gallons per acre. 
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as the rows toward the outer edge of the spray swath pro- 
duced the least amount of cotton. Comparable yields were 
harvested from each row of the respective cone nozzle 
plots. 

Thus, from data presented it appears that droplet size 
las an important effect on insect control. Mortality and 


ROWS 


-Pounds of seed cotton harvested from paired rows sprayed by the Boomjet nozzle at 6 gallons per acre. 


yield records indicate that inefficiency of the wideswath 
nozzles for boll weevil control was largely due to (1) the 
large droplet size produced by these nozzles on the outer 
edge of the swath, and (2) the resulting poor spray cover- 
age of the plants two or more rows distant from the 
nozzle. 
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Insecticide-Induced Population Changes in 
Four Mite Species on Alfalfa’ 


EK. C. Kiostermeyer, Irrigation Experiment Station, Prosser, Washington? 


ABSTRACT 


Three basic population effects were found resulting from spray 
treatments on alfalfa: (1) DDT treatments resulted in increased 
populations of the two-spotted spider mite Tetranychus telarius 
(L.), and reduced populations of Typhlodromus cucumeris 
Oudms. and Tydeus sp.; (2) Dieldrin and endrin increased popu- 
lations of Typhlodromus but decreased Tetranychus and Tydeus; 
(3) Schradan and other organic phosphates increased populations 
of Tydeus and reduced Typhlodromus and Tetranychus. Combina- 
tions of materials caused intermediate reactions. A fourth species 
of mite, Tarsonemus confusus Ewing, abundant only during 1 


During an investigation of the control of the two- 
spotted spider mite, Tetranychus telarius (L.),3 and other 
pests of alfalfa grown for seed, it was found that popu- 
lations of the predatory mite, Typhlodromus cucumeris 
Oudms., were low in some treatments and very high in 
other treatments. Further investigation showed that 
populations of Tydeus sp. and of Tarsonemus confusus 
Ewing also were affected, but in different ways. 

Population studies on each of these mites have been 
continued in connection with insecticide investigations on 
alfalfa. The results of these investigations on insect con- 
trol and alfalfa seed yield have been reported (Kloster- 
meyer 1958). In each year of the investigation, 20 gallons 
of spray per acre were applied with a tractor-mounted 
sprayer using emulsifiable concentrate insecticides. 
Treatments were arranged in replicated randomized block 
designs of 3 to 5 replications. Plots usually measured 
24’ by 65’. Usually the application was made just before 
bloom in early July. In most cases, a second application 
was made 3 to 4 weeks later. Mite populations on the 
foliage were determined by sampling each plot with 20 
sweeps of a 15-inch diameter muslin sweeping net, anes- 
thetizing the catch with carbon tetrachloride and sepa- 
rating the mites from the insects by shaking them through 
a 60-mesh screen with a specially constructed mechanical 
shaker. The mites were collected in small vials and 
brought to the laboratory, where the vials were emptied 
over a brushing machine onto a sticky glass plate. The 
mites on cross strips comprising ty of the plate area, 
(and thus jg of the mite population) were counted under 


year of the study, was increased in number by demeton and 
reduced by dieldrin. 

The population changes occurred over a period of 4 to 6 weeks 
after treatment and the changes are the result of a combination 
of direct insecticide effects on individual species and of biotic 
interactions. Since large populations of Typhlodromus and 
Tydeus may develop in the near absence of two-spotted spider 
mites, these predators are not dependent on the two-spotted 
spider mite as a source of food. 


a microscope. Details of this method were reported by 
Klostermeyer & Rasmussen (1956). 


EXPERIMENTAL Resutts.—The effects of the insecti- 
cides on the populations of typhlodromid mites were first 
noted in late summer of 1953. The populations of this and 
three other species of mites were determined on Septem- 
ber 11, 1953, 4 weeks after the second spray application. 
Table 1 shows the population differences resulting from 
the 16 treatments. No untreated check was included in 
the experimental design. The data were transformed to 
the 4/n+0.5 for statistical analysis. This analysis showed 
highly significant differences among treatments for each 
of the mite species. In these 16 treatments, which com- 
bined 4 insecticides and 4 acaricides, both the insecticide 
portion of the combination and the acaricide acted on the 
population, and highly significant insecticide-acaricide 
interactions were noted, except with the Tarsonemus spe- 
cies. The acaricides, except for parathion, drastically re- 
duced the population of two spotted spider mites. Only 
in the parathion combinations with other insecticides was 
the effect of the insecticide evident, and this primarily 
with DDT. 

Both the acaricides and insecticides influenced the 
populations of Typhlodromus and Tydeus. In the case of 
the insecticide the effect was inverse to effects of the ma- 

1 Scientific Paper No. 1839. Washington Agricultural Experiment Stations, 
Pullman, Projects 1066 and 1283. Accepted for publication April 24, 1959. 

2 Wyatt Cone assisted with this work in 1956 and 1957 and W. B. Rasmussen 
assisted throughout the duration of the project. 


3 Samples of mites obtained in these studies were determined by F. W. 
Baker, Entomology Research Division, U. S. Department of Agriculture. 
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Table 1.—Effects of insecticide-acaricide combinations on 
four species of mites on alfalfa foliage, Prosser, Washington, 
September 11, 1953. 








INSECTICIDE 





Toxa- Diel- Hepta- 
DDT phene_ drin chlor Tora. 


ACARICIDE 





Tetranychus telarius per 10 sweeps 


Aramite 3 5 13 2 
Aramite-parathion 3 5 7 3 
Parathion 912 173 83 80 
Demeton 0 1 4 5 

Total 918 184 107 90 


Typhlodromus cucumeris per 10 sweeps 
Aramite 32 185 352 300 
Aramite-parathion 24 128 383 266 801 
Parathion 54 = =108 209 Q27 593 
Demeton 14 12 36 32 194 
Total 124 428 980 825 2,357 


Tydeus sp. per 10 sweeps 
Aramite 87 48 255 230 620 
Aramite-parathion 30 136 332 364 862 
Parathion 180 117 519 515 1,331 
Demeton 103-185 569 830 1,687 
Total 427 486 1,676 1,939 4,500 


Tarsonemus confusus per 10 sweeps 
Aramite 89 5 52 118 313 
Aramite-parathion 120 j 39 116 339 
Parathion 91 36 120 325 
Demeton 232 3s 66 195 632 
Total 532 33: 193 549 1,609 





terials on the two-spotted spider mites. DDT resulted in 
low population levels and dieldrin and heptachlor in high 
population levels. However, the acaricides affected the 
two species in a different manner. Demeton resulted in 
low populations of Typhlodromus and high populations of 
Tydeus. 

In the case of Tarsonemus confusus, demeton appeared 
to increase the population and dieldrin to reduce it. In 
subsequent years the population of Tarsonemus confusus 
on alfalfa foliage was generally too low to evaluate with 
confidence. 

Following these indications in 1953, mite counts were 
made in connection with other experimental work on in- 
sect control on alfalfa conducted in subsequent years 
(Klostermeyer 1958). Populations were sampled at week- 
ly intervals after the first insecticide application. A total 
of 52 treatment combinations, each used in one or more 
years from 1954 to 1957, were evaluated. The general 
effects of these treatments, relative to the untreated 
checks, are indicated in table 2. 

Three basic population effects were noted: (1) Tetrany- 
chus was increased, while Typhlodromus and Tydeus were 
reduced, illustrated by the DDT treatment; (2) Typhlo- 
dromus increased and other species decreased or were un- 
affected as shown by the dieldrin treatment; (3) Tydeus 
increased and other species decreased as shown by schra- 
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Table 2.—Effects of insecticide treatments during 1954 


to 1957, relative to the untreated checks, on mites. 








Ist APPLICATION 


2np APPLICATION 





Tetranychus increased, other species decreased 


DDT 

DDT 
DDT-Isolan®* 
DDT 
DDT-schradan 
Dieldrin 
Toxaphene 


None 

DDT 
DDT-Isolan 
Toxaphene 
DDT 

DDT 


Toxaphene 


Tetranychus and Typhlodromus increased, Tydeus decreased 


Dieldrin 
Dieldrin-Isolan 
Endrin 

Endrin 
DDT-parathion 


Toxaphene 
Dieldrin-Isolan 
DDT 

None 

None 


Tetranychus decreased, Typhlodromus increased, 
Tydeus decreased 


Dieldrin 
Dieldrin-Aramite 


Dieldrin-Chlorobenzilate®® 


Dieldrin-parathion 
Heptachlor 

Dylox® 

Toxaphene 
Toxaphene-Aramite 
Toxaphene-parathion 
DDT-Aramite 
DDT-demeton 


None 

None 

None 

None 

None 

Dylox 

None 
Toxaphene-Aramite 
Toxaphene-Aramite 
None 
DDT-demeton 


Tetranychus decreased, Typhlodromus and Tydeus increased 


Toxaphene-demeton 


Dieldrin-Shell OS 1808¢ 


Parathion 


Parathion-Aramite-endrin 


None 

Dieldrin-Shell OS 1808 
None 

Aramite-DDT 


Tetranychus and Typhlodromus decreased, T'ydeus increased 


Demeton 
Dieldrin-schradan 
Schradan 
Guthion® 
Diazinon®! 
Diazinon 
Trithion® 
Trithion 
Trithion-endrin 


Demeton 
Dieldrin-schradan 
None 

None 

None 

Diazinon 

None 

Trithion 
Trithion-DDT 


All species decreased 


Demeton-endrin 
DDT-demeton 
Dieldrin-demeton 
Diazinon-DDT 
Diazinon-DDT 
Diazinon-endrin 
DDT-schradan 
Trithion-DDT 
DDT-parathion 
DDT-parathion 
DDT-parathion 
Aramite-DDT 
DDT-Compound 1808 
Dylox-DDT 
Aramite 
Parathion-Aramite 


DDT 
DDT-demeton 
Dieldrin-demeton 
DDT 

None 
Diazinon-endrin 
DDT-schradan 
DDT 
DDT-parathion 
DDT 
Toxaphene-Aramite 
Aramite-DDT 
DDT-Compound 1808 
Dylox-DDT 
Aramite 

Aramite 





® Dimethyl 5-(1-isopropyl-3-methyl-pyrazolyl) carbamate. 

b Ethyl 4,4’-dichlorobenzilate. 

© (,0-dimethy] 2,2,2-trichloro-1-hydroxyethylphosphonate. 

4 2-carbethoxy-1-methylviny] diethyl phosphate. 

® 0,0 dimethyl S-(4-0xo-3H-1,2,3-benzotriazine-3-methy]) phosphoro- 
dithioate. 

f 0,0-diethyl 0-(2-isopropyl-4-methyl-6-pyrimidinyl) phosphorothioate. 

& §-(p-chlorophenylthio) methyl] 0,0-diethy] phosphorodithioate. 


dan and other organic phosphate treatments. Combina- 
tions of these materials caused intermediate reactions. 

The effects of the materials on the seasonal cycle of the 
mites are indicated in figure 1 for data obtained in 1956. 
A second application made in some years generally in- 
tensified the effect of the first application. 
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Fic. 1.—Changes in mite populations on alfalfa following insecticide applications on July 5 and Aug. 13, 1956, 
Prosser, Washington. Populations per six sweeps are plotted on a square-root scale. 


Mite populations varied from year to year. This fact 
was particularly evident with Tetranychus, as shown in 
table 3. Populations were low in 1954, 1956, and 1957, 
but high in 1955. The populations of T'yphlodromus were 
more or less the reverse of those of Tetranychus, while 
Tydeus populations had a seasonal variation similar to 
Tetranychus. Tarsonemus was abundant only in 1956. 

Discussion.—The population changes indicated here 
are those that occur on the alfalfa foliage. It had been 
noted that only adult Typhlodromus were present on the 
foliage although both adult and nymphs of Tetranychus 


Table 3.—Seasonal differences in mite populations on 
alfalfa, Prosser, Washington, 1954-57. 








No. or MIrEs PER 10 SwWEEPS* 
Mitre GENus 1954 


1955 1956 1957 
Untreated 
Tetranychus 93 364 94 6 
Typhlodromus 60 45 121 137 
Tydeus 48 207 24 18 
Tarsonemus 3 35 9 — 
2 lbs. DDT /Acre 
Tetranychus 254 632 443 25 
Typhlodromus 66 38 70 
Tydeus 14 134 16 Q 
Tarsonemus 3 65 3 
0.5 lb. Dieldrin/ Acre» 

Tetranychus 67 28 
Ty phlodromus 134 132 
Tydeus 21 61 
Tarsonemus 0 10 








~ Means of 8 weekly samples in 1954, 5 in 1955, 8 in 1956 and 10 in 1957. 
With 2 Ib. Chlorobenzilate in 1955. 


and Tydeus were found. In 1957 Wyatt Cone found 
Typhlodromus and Tydeus in the plant debris on the soil 
surface beneath the plants. All stages of Typhlodromus 
were present there. It was also learned that Typhlodromus 
adults migrate to the foliage during the night and return 
to the soil during the day. The soil surface has a large 
fauna of mites and insects. The inter-relationships of the 
complex soil fauna and foliage fauna have not been 
worked out, nor are the food relationships of the preda- 
tory species Typhlodromus and Tydeus completely known. 
Chant (1958) states that typhlodromid mites can devel- 
op on fungal spores or plant pollen—prey in the form of 
mites not being necessary for survival. Brickhill (1958), 
in a study of Tydeus bakeri Brickhill and Lorryia ferulus 
Baker, found that both species could be reared on natura! 
or synthetic honeydew. They also developed on two- 
spotted spider mite eggs but did poorly on other mite or 
insect eggs. 

The results reported here primarily concern the popula- 
tion changes occurring over a period of weeks after in- 
secticides are applied. Hence, these changes are the result 
of a combination of direct insecticide effects on individual 
species and of biotic interactions. The relative influence of 
the two factors has not been determined. Evaluation of 
the direct and immediate toxicity of insecticides to each 
mite species is underway. Populations of most species of 
mites were depressed immediately after treatment, but 
biotic factors evidently come into play very quickly be- 
cause increases in mite populations often are noted with- 
in a week of application. 

Particularly puzzling are the effects of schradan and 
other systemics. These materials exert a severe depressing 
effect on Typhlodromus while at the same time greatly 
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. 


evidently characteristic of this class of insecticides. 


These observations are of little direct practical applica- 


tion to problems of insect and mite control in alfalfa seed 
production. The population of the pest species, the two- 
spotted spider mite, is not usually held in check by the 
predator Typhlodromus cucumeris, although the increase 
in two-spotted spider mites following DDT applications 
may be due in part to destruction of Typhlodromus by 
DDT. However, as shown by the dieldrin-Aramite 
(2-(p-tert-but ylphenoxy)-1-methylethyl 2-chloroethy] sul- 
fite) treatment in table 1, populations of Typhlodromus 
can become very large in the near absence of two-spotted 
spider mites, indicating that these are general predators, 
not dependent on two-spotted spider mites for food. 


increasing populations of 7'ydeus. Evidently the toxicity 
of schradan to Typhlodromus is greater than for the other 
predators cited by Ripper et al. (1951) who indicated little 
or no toxicity of schradan for predators. Since other non- 
systemic, organic phosphates have a similar influence on 
the populations of Typhlodromus and Tydeus, the effect is 
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The results obtained during this 5-year study demon- 
strate the complex of biological changes that can be ex- 
pected in insect and mite populations from insecticide 
treatment in even a very limited and uniform environ- 
ment, such as an alfalfa field. 
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Grass Hosts of Cereal Aphids! 


ABSTRACT 

The relative host efficiency of 59 grass species in 30 genera are 
given for the English grain aphid (Macrosiphum granarium 
(Kirby), and the apple grain aphid (Rhopalosiphum fitchii 
(Sand.). Adult and nymphal survival and rate of reproduction 
varied with aphid species and with plant species within a genus. 
The most efficient hosts for the English grain aphid were Festuca 
rubra, F. arundinacea, F. ovina and Lolium multiflorum; for the 
apple grain aphid were Agropyron poponi, Bouteloua arvensis, 
Elymus junceus, Festuca arundinacea, F. rubra and Lolium 
perenne. 


Records of aphid trapping at Centre Hall, Pennsyl- 
vania, have shown the English grain aphid, Macrosiphum 
granarium (Kirby), and the apple grain aphid, Rhopalo- 
siphum fitchii (Sand.), to be abundant cereal aphids in 
the field. Both species are vectors of the barley yvellow- 
dwarf virus (BYDV) of cereals. They feed on small 
grains during most of the growing season and migrate to 
alternate grass hosts during the summer. Many of these 
summer hosts are reservoirs of BYDV and hence are very 
important in the vector-virus-host relationship. 

MATERIALS AND Metuops.—English grain aphids and 
apple grain aphids were confined on individual leaves of 
59 grass species in 30 genera (table 1) in the greenhouse 
operating at approximately 68° F. and 70% relative hu- 
midity. The grass plants were grown in individual 4-inch 
plastic pots and were approximately 1 year old at the time 
of use. Three cages were used to confine single apterous 
adult aphids of each species on individual grass leaves. 

The cages were made from 3” X33" #655 Lusteroid cen- 
trifuge tubes with the closed end removed. Each tube 
was clamped in the jaws of a wooden snap-type clothes 
pin. A }"4"X12" wooden stake, pushed into the pot 
soil, was forced between the opposite ends of the clothes 
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pin at the desired height. The cage was held in position 
by the pressure of the clothes pin on the stake. 

The cage was positioned directly over a randomly se- 
lected leaf. The leaf was inserted into the tube through 
the lower opening, which was then plugged with cellu- 
cotton. This material did not interfere with adult or 
nymphal movement within the cage as long-fibre cotton 
plugs did in earlier tests. 

Six days after aphid introduction, records were made 
of adult mortality, number of nymphs produced, and 
number of dead nymphs. Observations were made 
through the wall of the transparent cages. 

Discussion AND Resutts.—The rate of reproduction 
and the survival of progeny on a given host are important 
measures of host efficiency. The ability of aphid progeny 
to survive rests, in part, upon the presence of required 
nutrients in the cell sap of the host during the period of 
infestation. 

When feeding stimuli have been satisfied and the re- 
quired nutrients are present in the sap, normal feeding 
should occur and be conducive to normal development. 
This contingency implies high progeny survival under 
optimum physical conditions. However, in a discussion of 
feeding by phytophagous insects, Thorsteinson (1958) 
made the following statements: ““Normal development 
implies normal feeding, but normal feeding is not sufli- 
cient for normal development,”’ and “‘normal develop- 
ment implies normal feeding on a diet that includes both 
sapid and vapid nutrients.” 

In cases where aphid progenies continue to feed and 


1 Authorized for publication on April 2, 1959 as paper No. 2353 in the Journal 
series of the Pennsylvania Agricultural Experiment Station. Work conduc ted 
under a project contributing to Regional Research Project NE-23, Breeding of 
Small Grains for Resistance to the Hazards of Production in the Northeastern 
States. Accepted for publication April 27, 1959. 
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mMon- 
e ex. Table 1.—Relative host efficiency, total progeny, nymphal and adult survival of the English grain aphid and the 
‘icide apple grain aphid at the end of 6 days’ confinement on 59 grass species in the greenhouse. 
iron- — : eee ee ee ee eT —- — ree 
ENGLISH GRAIN APHID AppeLe GRAIN APHID 


Per Cent Survival Per Cent Survival 
$$ —_—_——_—_— Total -- —- 
GRASS SPECIES Nymph Adult Progeny R.H.E.* Nymph Adult 


Total 
Progeny R.H.E.* 





Agropyron elongatum 10 0 10 l 100 67 

A. popont 17 : 6 ] 84 67 

A, pungens 0 6 0 100 0 

A, riparium? 50 8 1 190 67 

A, trichophorum® 47 3s 17 8 99 100 

Agrostis alba” « 7 14 1 33 33 

A, tenuis? ® 14 0 

Alopecurus smithii 9 4 

Andropogon armulatus } 3s 17 

A. intermedium q 

A. ischaemum?¢ 

A. saccharoides 

Arrhenathorum elatius> © 

Aronopus affinis> © 

Bouteloua arvensis? ° 

B. curtipendula 

B. hirsuta 

B. inermis® 

Buchloe dactyloides® 

Chloris gayana 

Elymus giganteus 

E. junceus 

Eragrostis chloromelas 

E. curvula 

E. lehkmanniana 

E. trichodes 

Festuca arundinacea 

F. ovina?“ 

F. rubra>¢ 

Hilaria james? galleta 

Holeus lanatus © 

Hordeum bulbosum 

Lolium multiflorum® « 

L. perenne? 

Muhlenbergia wrightii 

Oryzopsis miliacea 

Panicum antidotal 

P. obtusum 

P. virgatum 

Paspalum dilatatum 

P. notatum 

Pennisetum arundinacea 

P. ciliare 

P. glaucum> 86 

Phleum boehermi 1] 

Poa ampla 11 

P. annua? 31 

P. nevadensis ( 

P. pratensis? © 2 

P. trivialise 8 

Sorghastrum nutans 0 

Sorghum almum 20 

S, hale pense® 100 

S. sudanense 69 

Sporobolus giganteus 7 

Stipa viridula 93 

Trichachne californica 0 

Trisetum flavescens 83 

Avena sativa—Check 100 
Average 30.6 
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* Relative host efficiency (see text for explanation). 
Previously recorded as host of English grain aphid. 

on : : 
Previously recorded as host of apple grain aphid. 
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mature with little or no mortality, one can assume that 
the necessary sapid and vapid nutrients are present and 
that the plant is a satisfactory host for the species. When 
progeny have a high rate of mortality on a host, one or 
more of these nutrients might be absent, a toxic or repel- 
lent substance might be present in the sap, or the physi- 
cal condition of the host may interfere with the required 
feeding procedure or stimuli. 

Grass hosts of cereal aphids are an important eco- 
logical factor in grain production because of their direct 
bearing on aphid populations, their general suscepti- 
bility to BYDV, and their roles as summer reservoirs of 
BYDYV, which is transmitted from them to small grains 
in the spring and fall. These factors make it important 
to know the host efficiency of each grass in maintaining 
populations of aphids that are virus vectors. 

The efficiency of a grass species in maintaining an aphid 
population depends upon (1) the ability of the adult 
aphid to obtain required nutrients from the host over a 
period long enough to produce progeny, (2) the ability 
of the progeny to feed and mature on the host, and (3) the 
satisfaction of stimuli necessary to result in reproduction. 

The relative host efficiency for 59 grass species, table 1, 
has been obtained by multiplying the percentage of 
nymph survival by total progeny (at the end of 6 days) 
and dividing by 100. The calculated value is not depend- 
ent upon a check response but can be compared with a 
preferred host, Garry oats (Avena sativa) in these experi- 
ments, for a general efficiency comparison. The impor- 
tance of a given grass in the relationship between the 
aphid vector population and the incidence and potential 
spread (or dissemination) of BYDV is directly propor- 
tional to the relative host efficiency of that grass. When 
all nymphs died on the plant or when reproduction did 
not occur, the relative host efficiency became zero. This 
condition indicated a host completely unsatisfactory for 
the aphid species. 

Even though a host fulfills all necessary physical and 
physiological stimuli for reproduction, the relative host 
efficiency becomes zero if these progeny suffer 100% mor- 
tality. Zero relative host efficiency also results when the 
reproductive stimuli are lacking, even though the host 
supplies the needed nutrients for progeny growth. 

Host-plant lists for aphids include those plants from 
which aphids have been collected. These lists may not 
stipulate that the recorded host is one upon which feeding 
and reproduction are efficient or even occur. Therefore, 
one cannot use all aphid-host lists without questioning 
host efficiency. 

Table 1 includes species that have been recorded as 
hosts for the two aphids of this test. The data substanti- 
ate the suitability of certain of these grasses as hosts and 
indicate that others are very poor hosts or that aphid feed- 
ing or reproduction cannot occur upon them. 

Normal aphid development has not been evaluated in 
these tests, but normal and abnormal feeding is indicated 
by the percentage survival of the progeny and adults 
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(table 1). Survival on grass species ranged from 0 to 100% 
for both aphid species. Average nymphal survival on the 
59 grasses was 30.6 and 59.6% for the English grain ang 
apple grain aphids, respectively. Average adult surviyg| 
was also higher for the apple grain aphid. 

Nymphal survival on grass species within the gener, 
tested showed great variation in some cases and was quite 
uniform in others. Nymphal survival on Festuca spp. was 
uniform and high for both aphid species. Survival on 
Bouteloua spp. ranged from 0 to 25% for the English 
grain aphid and from 8 to 100% for the apple grain aphid, 

Assuming the presence of essential sapid and vapid 
nutrients in the Festuca species tested to account for the 
high survival, species of Bouteloua would appear to vary 
greatly in the presence of these essential nutrients, or to 
contain toxic materials detrimental to survival. Thes 
data point to the need for testing individual grass species 
for host suitability and to the danger of assuming that 
because of high survival on one species, all species of that 
genus will be satisfactory hosts. 

The host efficiency of a given grass species for different 
aphids may also vary greatly. Nymphs of the Engls) 
grain aphid failed to survive on Muhlenbergia wrightii, 
while nymphs of the apple grain aphid had 100% sur. 
vival. Survival of adults on the grasses tested followed 
variations similar to those described for nymphs. 

The total number of nymphs (progeny) produced dur- 
ing the 6 days of testing varied greatly among the grasses 
for both aphid species. The highest progeny number for 
the English grain aphid was 33 on Festuca rubra. This was 
75% of the progeny number on oats, Avena sativa, var. 
Garry used as a check host. The maximum progeny pro- 
duced by the apple grain aphid was 57 on Lolium perenne, 
and this figure was 178% of the progeny on oats. 

As has been mentioned, the number of nymphs pro- 
duced on grass species within a genus was not uniform, 
and the number of progeny produced by one aphid spe- 
cies could not be used to indicate the number of progeny 
of the other species. The greatest progeny number for the 
apple grain aphid occurred on Lolium (57), Festuca (48), 
Agropyron (38), Andropogon (37), and Elymus (36). 

By employing the relative host efficiency rating as pre- 
sented in table 1, these data indicate that Festuca arundi- 
nacea, F’. ovina, F. rubra, and Lolium multiflorum are the 
most efficient hosts of those tested for the English grain 
aphid. Host efficiency appeared more widespread with the 
apple grain aphid, however, and for this aphid the grasses 
Agropyron poponi, Bouteloua arvensis, Elymus junceus, 
Festuca arundinacea, F. rubra, and Lolium perenne were 
the most efficient hosts. Other grass species may also be 
important hosts of these two aphids. 
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The Metabolic Fate of Prolan in a Dilan-Resistant 
Strain of House Flies! 


ALBERT S. Perry and ANNETTE J. BUCKNER? 


ABSTRACT 


A susceptible laboratory strain of house flies (Musca domestica 
L.), exhibited resistance to Dilan (1 part 1,1-bis(p-chloro- 
pheny!)-2-nitropropane and 2 parts (1,1-bis(p-chlorophenyl)-2- 
nitrobutane) after several generations of selection pressure with 
that insecticide. Resistance to the Prolan® (1,1-bis(p-chloro- 
pheny])-2-nitropropane) component of Dilan was much more 
pronounced than that to the Bulan® (1,1-bis(p-chloropheny]l)-2- 
nitrobutane) component or to Dilan. 

Metabolism tests showed that 75 to 94% of the 8 micrograms 
of Prolan applied was recovered from 2 to 120 hours after topical 
treatment of female resistant flies. At 24 and 48 hours, 42.5 and 


The insecticide Dilan (1 part 1,1-bis(p-chlorophenyl)- 
Ynitropropane and 2 parts (1,1-bis(p-chloropheny])-2- 
nitrobutane) which consists of 1 part Prolan® (1,1-bis- 
(p-chlorophenyl)-2-nitropropane) and 2 parts Bulan® 
(1,1-bis(p-chloropheny])-2-nitrobutane) was first synthe- 
sized by Hass et al. (1951). Although initially Dilan 
showed some promise in the control of DDT-resistant 
house flies in field and laboratory tests (March & Metcalf 
1952), its potential usefulness against this species was 
considered limited since Dilan-resistant strains were pro- 
duced under selection pressure with this chemical. Start- 
ing with a house fly (Musca domestica L.) strain which 
was resistant to a mixture of chlorinated hydrocarbon in- 
secticides, Bruce & Decker (1951) were able to produce a 
Dilan-resistant strain after five generations of selection 
pressure with this insecticide. 

The studies of Fullmer & Hoskins (1951) showed that 
susceptible flies respired at a much higher rate than a 
DDT-resistant strain following topical application of 
DDT, but essentially no difference appeared in the rate 
of respiration of the two strains when Dilan was applied, 
thus equal susceptibility of the two strains to this chem- 
ical was inferred. 

At this laboratory, a Dilan-resistant strain was ob- 
tained by subjecting the susceptible NAIDM (National 
Association of Insecticide and Disinfectant Manufac- 
turers) strain for several generations to selection pressure 
with residual applications of Dilan on plywood panels. 
Using topical applications of the pure chemicals, pre- 
liminary tests revealed that resistance to Prolan was 
much more pronounced than that to Bulan or Dilan. 
This report covers, for the most part, the results of in- 
vestigations on the metabolic fate of Prolan in the re- 
sistant strain. 

Marertats AND Metuops. Standard grade Prolan, 
m.p. 83.5-84.5° C., Bulan m.p. 64-65° C. and Dilan, m.p. 
62-64° C., used throughout this investigation, was ob- 
tained through the courtesy of Commercial Solvents, 
Inc., Terre Haute, Indiana. Exploratory tests on suitable 
analytical methods for the recovery of Dilan and its com- 
ponents indicated that the DDT-method of Schechter 
et al. (1945) was also satisfactory for the estimation of 
these chemicals. 


62.8% of the dosage applied was absorbed by the insect. Two 
compounds were detected in the excreta of treated flies: (1) A 
neutral material, soluble in common organic solvents, similar to 
prolan in infrared, ultraviolet, and colorimetric spectra, and al- 
most as toxic to mosquito larvae as the parent compound, and 
(2) an acidic material, extractable with dilute alkali, different 
from Prolan in photometric spectra and chemical properties 
(showing loss of NO: group in the propane moiety), and much 
less toxic to mosquito larvae. 

Excretion of the toxic metabolite appeared to be more impor- 
tant to the fly’s survival in the initial stages of poisoning. 


The metabolism of Prolan in the resistant strain was 
studied as follows: Groups of 50 adult female flies, 3 to 4 
days old, were anesthetized with CO» and the desired dos- 
age of Prolan in 1 microliter of benzene was applied top- 
ically to the ventral thoracic region of individual flies by 
means of an improved ratchet-type microapplicator. The 
treated flies were held in 600-ml. beakers and were pro- 
vided with sugar and water. At predetermined intervals 
ranging from 2 to 120 hours afterapplication, the flies were 
rinsed with several portions of n-hexane to remove the 
unabsorbed insecticide, then ground to a fine dry powder 
with Na2SO, and extracted with ether in a Soxhlet ex- 
tractor for 8 hours. 

Excretory products were collected in a 600 ml. beaker 
lined with a sprayable strippable film (a product of E. I. 
DuPont de Nemours & Co., Inc., Wilmington, Delaware) 
which was peeled off the container at the end of the test 
and dissolved in methyl ethyl ketone. This solution was 
transferred to a separatory funnel and shaken with 2% 
NaOH for several minutes. After separation of the two 
phases the alkali was decanted, acidified with HCl, and 
extracted with diethyl ether. By this procedure acidic 
components resulting from Prolan metabolism were re- 
moved successfully from the excreta and any neutral ma- 
terial present remained in the organic solvent. Explora- 
tory tests had ascertained that extraction of the excreta 
with alkali did not remove unchanged Prolan from the 
organic solvent phase. 

Purification of both acidic and neutral materials was 
accomplished by evaporating the extracts to near dry- 
ness, suspending the residues in CCl, and chromato- 
graphing through glass columns containing 15 grams of 
Florisil (a product of Floridin Co., Warren, Pennsyl- 
vania), using CCl, as eluant. Following evaporation of 
the eluates the extracts were analyzed by the method of 
Schechter et al. (1945). 

For large-scale collection of metabolites, resistant flies 
in lots of 100 to 150 each were sprayed with 3% Prolan 
in deobase using a modified Hoskins-Caldwell spray 


1 Accepted for publication April 29, 1959. 
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chamber (Hoskins & Caldwell 1947). After spraying, the 
flies were transferred to 4-liter beakers lined with strip- 
pable film and were provided with food and water for a 
period of 48 to 72 hours. At the end of this period the 
film was removed and dissolved in 30 ml. of methyl ethyl! 
ketone. To this solution was added 60 ml. of acetonitrile. 
A white precipitate formed which was removed by cen- 
trifugation. The supernatant was evaporated, the residue 
dissolved in CCl,, and the latter extracted with alkali to 
remove the acidic component as described earlier. This 
procedure was followed by chromatography through 
Florisil. In this manner, milligram quantities of metabolic 
products were obtained. 

Characterization and identification of metabolites was 
accomplished by: 


(1) Colorimetric analysis by the Schechter-Haller 

method as mentioned earlier; 

(2) Colorimetric analysis by the ferric chloride method 
(Jones & Riddick 1951). This method offers a 
means of specific characterization for Dilan and 
its components and is based on the fact that the 
nitro group attached to a secondary alkane carbon 
exists in equilibrium with its tautomeric aci-form 
according to the formula: 


R»CHNOSGR2C = NOH. 


The equilibrium is shifted to the right in the pres- 
ence of alkali and the addition of ferric chloride 
forms a reddish-brown colored complex with maxi- 
mum absorbance at 490 millimicrons. Absence of 
the NO» group from the molecule yields no color 
reaction with ferric chloride; 

Infrared spectroscopy, using a Beckman IR-3 
spectrophotometer with NaCl optics and 0.2 mm. 
cells; solutions were analyzed in CC], and CS». By 
this method it was possible to show the transforma- 
tion of Prolan into an acidic derivative, and also 
the excretion of unchanged prolan; 

Ultraviolet absorption spectra, using a Beckman 
DU spectrophotometer; and 

Bioassay of excretory products using 3rd instar 
Aedes aegypti (L.) larvae. Acetone solutions of ex- 
tracts in 1 ml. aliquots were placed in glass finger 
bowls containing 20 larvae and 100 ml. of tap 
water per bowl. The mortalities at 24 and 48 hours 
were compared with those obtained by exposure of 
larvae to known concentrations of the pure chemi- 
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Fic. 1.—Dosage-mortality lines for susceptible (NAIDM strain 
and Dilan-resistant female house flies resulting from topical 
applications of Prolan, Bulan, and Dilan. 


cals which were run concurrently with each un- 
known sample. 


Resutts.—The relative susceptibilities of the resistant 
and susceptible strains to Prolan, Bulan, and Dilan, by 
topical application of the chemicals, are shown in figure 1 
and table 1. Very little difference was noted in the 
susceptibility of the normal (NAIDM) strain to Dilan 
and its components but the resistant strain showed 
markedly greater resistance to Prolan than to Bulan or 
Dilan. Although this phenomenon was not investigated 
fully, it was found, in tests not reported here, that Prolan 
was excreted more rapidly than either Bulan or Dilan. 

The metabolism of Prolan in the resistant strain was 
followed at intervals ranging from zero to 120 hours. In 
all cases the zero-hour test was taken as an index of the 
actual amount of insecticide applied. The averaged results 
of 4 to 6 tests with each dosage are shown in table 2. These 
results indicate that Prolan, like DDT, is absorbed at a 
fairly slow rate. Thus, only 42% of the dosage applied 
had been absorbed after 24 hours, and as much as 12% 
was still unabsorbed 5 days after application of the chem- 
ical. The amount of unchanged Prolan remaining in the 
tissues never exceeded 0.5 microgram per fly which is 
roughly an LDs» for the susceptible strain. 

By far the largest portion of the metabolized insecticide 
was found in the excreta. The term excreta is used here to 
denote fecal material as well as egestion and rub-off. 


Table 1.—LD,,’s and probit analysis of dosage-mortality data for Dilan, Bulan, and Prolan applied topically to susceptible 
and Dilan-resistant house flies. 





LDs5» FipuciaL 
ua. / Limits 
FLY P= .05 


Com- 


FLy STRAIN POUND 


.50-0.55 
.45-0.50 
.36-0.41 


Dilan 
Bulan 
Prolan 


0.53 
0.48 
0.38 


Susceptible (NAIDM) 


Dilan 7.0 
Bulan 10.8 
Prolan — 


Dilan-Resistant 


REGRESSION 
LINE 
2 SLoPE+tS.E. Y 


Cue Test 


x? 


87 4.55+ 69-+4.55x 
.30 59 +0.35 87 +4. 59x 
.30 88+0.5 2.7243. 88x 


.90 .92+0.27 .69+3 . 92x 
.84 2.44+0.14 A7T+2. 44x 
0.19 .86+0.28 2.51+0.36x 
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® LDoo not reached. 
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Table 2.—Absorption and metabolism of Prolan by resistant house flies at various intervals following topical application of 





8.0 micrograms of Prolan per female fly. 





INTERVAL 
(Hours) 


External Internal 


.0O +0.15 
.24+0.18 
.40+0.15 
.80+0.16 
.60+0.24 
97+0.18 
.00+0.14 
.94+0.08 


.30+0.02 ? 

.44+0.03 .20+0. 
.50+0.04 5640. 
.24+0.02 4540. 
.23+0.03 .60+0. 
.19+0.02 .63+0. 
.14+0.02 .95+0. 


nas | 


— 


24 
18 
72 
120 


ro oe 


-~ 
~~ 


Provan Recoverep (MicroGrams/Fiy +8.E.) 


Neutral 
Material* 


In Excreta 
Acidic 
Metabolite* Total 
_ .O +0.15 100 
? .64+0.20 94.2+2.§ 
Os 0.16+0.03 .20+0.24 90.0+38. 
03 0.40+0.03 .26+0.26 90.7+3.2 
12 1.02+0.11 .31+0.49 91.4+6. 
17 1.61+0.09 -41+0.47 80.1+5. 
06 2.19+0.13 .01+0.35 75.144. 
14 3.71+0.16 .74+0.40 84.2+5. 


Per Centr 
RECOVERY 





* Calculated as Prolan. 


Mechanical loss to the container due to the flys’ activity 
in a confined space was measured by topical application 
of C“-DDT. Using unlined beakers for the collection of 
excretory products, a topical dose of 8 micrograms of 
C4#.DDT per fly yielded in the excreta an average of 1.1 
+0.2 micrograms DDT per fly at the 72-hour interval 
after application of the chemical. This amount corre- 
sponds to 11.2 to 16.2% of the dose applied (cf. Perry 
et al. 1955). A negligible difference was noted in the re- 
covery of DDT or Prolan between the unlined beakers 
and those lined with strippable film. 

Two components were isolated from the excreta; a 
neutral product and an acidic derivative. Spectral curves 
of these materials, taken after analysis by the Schechter- 
Haller method showed that the neutral material with a 
peak absorption at 545 millimicrons was identical with 
that of Prolan, whereas the acidic derivative with a peak 
absorption at 530 millimicrons was more like a break- 
down product of DDT. Furthermore, the purplish-color 
complex of the neutral product was, like Prolan, rather 
unstable at room temperature, but the pink color of the 
acidic component was stable for 2 hours or longer. It is 
also apparent that excretion of both neutral and acidic 
components continues as long as the insecticide is avail- 
able but that the ratio of acidic to neutral material in- 
creases with increasing time interval. The lower recoveries 
obtained as the time interval increased may be due to the 
arbitrary values given for the acidic metabolite. Since the 
latter has not been positively identified and calibration 
curves could not be obtained, the assigned values, ex- 
trapolated from the Prolan calibration curve, are some- 
what arbitrary and might possibly contribute to these 
lower recoveries. 

Characterization of the excretory products of Prolan 


Table 3.—Bioassay, using 3rd instar Aedes aegypti larvae, of 


metabolism was supplemented by the ferric chloride 
method of analysis as explained under “Methods.” Re- 
peated tests showed a positive color reaction for the 
neutral material and no color for the acidic metabolite. 
Since this analytical procedure is specific for an aliphatic 
nitro group it clearly demonstrates the loss of the NO. 
group from the nitropropane moiety. 

Additional information on the identity of the excretory 
products was obtained by infrared spectral analyses. A 
typical infrared spectrogram (fig. 2) of the neutral ma- 
terial showed very close similarity to that of pure Prolan, 
especially in the regions 1100-1000 cm™ and 1600-1300 
cm ', whereas the acidic metabolite was characterized by 
a strong absorption peak in the region of 1735-1700 cm~! 
which indicates the presence of a C=O group, and by the 
absence of peaks in the regions of NO, absorption, again 
indicating the loss of the nitro group. 

Using a Beckman DU spectrophotometer, ultraviolet 
spectra of ethanol solutions of Prolan and of the purified 
neutral excretory product showed identical absorption 
maxima at 230 millimicrons. The same characteristic 
curve was obtained with bis-(p-chlorophenyl) acetic acid 
(DDA), which was included for comparison. On the other 
hand, the acidic metabolite showed a completely different 
spectrum with a peak absorption at 260 millimicrons, 
also indicating that the acidic metabolite is not similar to 
DDA. 

Finally, additional substantiating evidence that the 
excreted material consists of two compounds was ob- 
tained by bioassay tests using Aedes aegypti larvae. Ace- 
tone solutions of the excreted metabolites showed the 
neutral material was almost as toxic as the parent com- 
pound, and the acidic compound was much less toxic 
(table 3), again indicating the excretion of both un- 


Prolan and the neutral and acidic metabolites recovered from 





the excreta of Prolan-treated resistant house flies. 


LD5o 
COMPOUND P.p.M. 


Prolan 0.072 
Neut ral metabolite 0.093 
Acidic metabolite 0.50 


a 


Fipuciau Limits 
P= .05 


0.067—0.077 
0.086-—0. 100 
0.45 -0.55 


Propit REGREs- 
sion LINE 


Cut Test 


n x? Storpe+S.E. Y= 


2 0.8 4.37+0.35 1.23-+4.37x 
2 2.9 3.84+0.31 1.27+3.84x 
2 3.8 2.78+0.23 27+2.78x 
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Fig. 2.—Infrared spectra of (A) Prolan and of (B) the neutral 

and (C) acidic materials recovered from the excreta of Prolan- 

treated resistant house flies. Beckman IR-3 spectrophotometer, 

0.2 mm, cells, NaCl optics. Approximately 3 to 5% solutions in 
CCk, corrected for solvent absorption. 


(See column 2 for Fig. 2-C) 
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changed Prolan and of a detoxified product. 

The metabolism of Prolan by the susceptible strain 
was followed in the same manner as that described for the 
resistant strain. Application of sublethal doses of Prolan 
(0.2 microgram per fly) yielded 20 to 30% recovery of the 
applied dose. Only traces of unchanged Prolan were found 
in the excreta. On the other hand, 77 to 92% recovery was 
obtained from application of a lethal dose of 4 micrograms 
of Prolan per fly (table 4). Only small amounts of Prolan 
were detected in the excreta. 

Essentially, the same recovery pattern was obtained 
when 0.2 microgram Prolan per fly was applied to the re- 
sistant strain. However, as shown in table 2, application 
of larger dosages resulted in the excretion of substantial 
quantities of the two previously described metabolites. 

It is often of interest to show the cross-resistance pat- 
tern of a selected strain to other related and unrelated 
insecticides. The cross-resistance pattern of the Dilan 
strain is shown in figure 3. In addition to having varying 
degrees of resistance to all the chlorinated insecticides 
tested, this strain also exhibited a measurable level of 
tolerance to organophosphorous compounds such as ma- 
lathion and Dipterex® (0,0-dimethyl 2,2,2-trichloro-1- 
hydroxyethylphosphonate). 

Discussion.—The results of this investigation dem- 
onstrate for the first time the excretion of an insecticide 
in the unchanged state as at least a partial means of pro- 
tection against the lethal action of the chemical. Like- 
wise, it is the first definite isolation from fly excreta of an 
acidic metabolite resulting from the metabolism of one of 
the newer hydrocarbon insecticides. 

Although the acidic metabolite has not been completely 
identified, it has been established that it contains no 
aliphatic nitro group, that * manifests a strong infrared 
absorption peak at a C=O region, that its color and sta- 
bility in the Schechter-Haller procedure are different 
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Table 4.—Absorption and metabolism of sublethal and lethal doses of Prolan by susceptible house flies (NAIDM) 24 hours 


after topical application of Prolan. 








ProLAN Recovered (uG./FLY+S.E.) 


DosE 


Per Cent 





a./Fiy * External Internal 
MG. 


Excreta Total 


Recovery Mortality 





0.0 0.05+0.01 0.0 
0.15+0.01 


1.0+0.10 2.25+0.20 


0.05+0.01 
3.40+0.31 


25.0+5.0 3-5 
85.0+7.7 100 





from the parent compound, that it is removed from solu- 
tion by dilute alkali, and that it is considerably less toxic 
than Prolan to mosquito larvae. In addition, it has been 
shown by ultraviolet spectral analysis that it has different 
absorption characteristics from the parent compound and 
from the neutral material found in the excreta, and also 
that it differs from DDA in this respect. It is conceivable 
that the end product might be 3,3-bis-(p-chloropheny]) 
pyruvic acid (Hass 1958). However, final conclusions as 
to the identity of the metabolite must await the synthesis 
and characterization of the latter compound or similar 
acidic derivatives of Prolan. 

With regard to Prolan metabolism by the susceptible 
strain it appears that sublethal doses are largely detoxi- 
fied to unidentified products since in no case was total 
recovery quantitative. The same applies to the resistant 
strain at similar dosage levels but at higher dosages ex- 
cretion of the insecticide and its breakdown product as- 
sumes a predominant role. 

In elucidating the protective mechanism involved in 
Prolan resistance it appears that excretion of the acidic 
metabolite is not of primary importance to the fly’s sur- 
vival since it is produced in substantial quantities only 
after the period of greatest danger to the fly has passed, 
i.e., between 12 and 24 hours after application of the toxi- 
cant. In this respect excretion of the toxic material might 
be of greater importance in the over-all protective mecha- 
nism. 

Although it is implied here that resistance is partly due 
to excretion of the chemical it may be argued that me- 
tabolism of Prolan at high dosage levels is the result 
rather than the cause of resistance due to the fly’s ability 
to survive longer in the presence of the toxicant. Indeed, 
it is highly important to demonstrate whether detoxica- 
tion of the insecticide in one form or another is the cause 
or the effect of resistance, but this matter cannot be de- 
cided solely by experiments in vivo. If we assume that such 
reactions are enzymatically controlled, it is necessary to 
demonstrate the quantitative aspects of metabolism im 
vitro. 

On the other hand, excretion of a toxicant or its break- 
down products in relation to resistance is more difficult 
to evaluate. What governs the rate of excretion of a chem- 
ical in an insect? If resistance is due to more rapid excre- 
tion of the chemical, what causes this accelerated rate? 
Evidently, this process is not altogether enzymatically 
controlled in the case of Prolan, since part of the chemical 
is excreted unchanged, but there exists the possibility 
that the toxicant might be excreted in a loosely conju- 
gated form which is easily extractable with organic sol- 
vents. Conjugation processes have not been stressed 
before in relation to insecticide metabolism and resistance, 
but a review by Smith (1955) indicated that various in- 
jected chemicals are excreted by many insect species as 


glucoside or ethereal sulfate conjugates. Similarly, Perry 
et al. (1958) have suggested that conjugated metabolites 
might be present in fly excreta as end products of hepta- 
chlor metabolism. 

Whether the protective mechanism which allows resist- 
ant flies to survive the lethal effect of toxicants is the 
direct result of metabolism of the compound or its excre- 
tion, it is an inescapable fact that the toxicant must, in 
some way, be prevented from reaching the site of action 
or be removed from it. Our previous knowledge indicated 
that this can be accomplished by (1) detoxication and 
retention of harmless metabolites, (2) detoxication and 
excretion of nontoxic metabolites, and/or (3) storage of 
toxic products or unchanged material in nonsensitive 
tissues. Resistance to Prolan adds another facet to this 
already complicated problem; 7.e., (4) excretion of the 
unchanged insecticide. 
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Bee Visitors to Saguaro Flowers! 


S. E. McGrecor,? Stantey M. Atcorn,? Epwin B. Kurtz, Jr.,3 and Georce D. Butter, Jr.* 


ABSTRACT 

Honey bees (Apis mellifera L.) begin visiting flowers of the 
saguaro, or giant cactus (Carnegiea gigantea (Engelm.) Britt. & 
Rose), at dawn, collecting pollen for a couple of hours and nectar 
until shortly after noon. A single flower may produce 3 ml. or 
more of nectar, containing about 25% of sugar, and a dozen or 
more bee loads of pollen. Honey bees are the predominant visitors 
although other bees also visit the flowers. The latter visit flowers 
on different trees freely. Honey bees tend to confine their visits 
to individual flowers or branches (arms) of one plant when nectar 
is abundant, but visit more widely scattered flowers when compe- 
tition is strong. The effectiveness of honey bees in pollination of 
saguaro appears to depend on their population in proportion to 
the number of available flowers. 


The saguaro, or giant cactus (Carnegiea gigantea 
(Engelm.) Britt. & Rose), is seldom found in concentrated 
stands. Three concentrated areas occur, each covering 
several square miles, near Tucson, Arizona. They are the 
western slopes of the Tucson Mountains, the southern 
slopes of the Santa Catalina Mountains, and in the Sa- 
guaro National Monument on the western slopes of the 
Rincon Mountains. Beekeepers near these areas state 
that the saguaro produces a mild-flavored, light-colored 
honey of a high moisture content. They also consider it a 
good source of pollen. Pellett (1930) lists it as ‘a source of 
surplus honey little known in the United States outside of 
Arizona.” 

Further interest in the activity of the honey bee (A pis 
mellifera L.) and other pollinating insects on the saguaro 
was stimulated when it was found that cross-pollination 
is essential to its fruiting (Alcorn et al. 1959). The present 
paper concerns observations made in connection with 
this work to determine (1) the value of the saguaro to 
honey bees as a source of food and (2) the value of honey 
bees to the saguaro as pollinators. Most of these observa- 
tions were made in the Saguaro National Monument’, 
and most of the bees probably came from an apiary of 
about 30 colonies one-half mile west of the Monument 
border, a mile from the site of observations. 

FLowerinG Hasits or Sacuaro.—The flowering pe- 
riod of saguaros extends from about mid-May to mid- 
June. The individual flower opens between 9 P.M. and 


midnight (Kearney & Peebles 1942) and remains open 
until the following afternoon. It is usually completely 
closed by 5 p.m. and does not open again. 

Pollen is released on the numerous anthers during the 
night as the flower opens, and honey bees begin collecting 
it at dawn. In doing so they hover over the anthers, dip- 
ping down frequently to fan or rub pollen onto their body 
hairs; then, while still hovering, they comb it into the 
pollen baskets, packing it into cream-colored pellets, on 
the hind pair of legs. Several honey bees were seen col- 
lecting their entire load of pollen from a single flower. 
Continuous bee visits to one flower indicated that it pro- 
duced a dozen or more such bee loads. The large number 
of flowers available to honey bees in a saguaro forest es- 
tablishes this plant as a major pollen source. 

Nectar is secreted from a ring around the base of the 
style. Its aroma is mildly pleasant, similar to that of 
under-ripe cantaloup. The sugar concentration of the 
nectar is about 25%, similar to nectar of Pima cotton 
(Gossypium barbadense L.) but much less than that of 
such common plants as alfalfa, apple, or sweetclover 
(Vansell 1942). 

The nectar-collecting bee alights on the flower and 
immediately burrows out of sight below the anthers to 
reach the nectar. In so doing it becomes coated with pol- 
len. When it crawls out of the flower it attempts to comb 
this pollen off its body, but makes no attempt to pack it 
in its pollen baskets. No honey bee was seen collecting 
both pollen and nectar on a single trip. 

Two or three ml. of nectar was collected by pipette at 
one time from individual flowers caged to exclude bees 
and other nectar-collecting insects. Total nectar produc- 
tion in a flower was estimated to be about 5 ml. When 
such caged flowers were turned downward, several drops 
of nectar would fall from each. This amount far exceeds 
that produced in most other flowers. Flowers of Pima 
cotton, for example, yield only about 0.1 ml. Upland cot- 
ton flowers (G. hirsutum L.) yield less. Fahn (1949) ex- 


1 Arizona Agricultural Experiment Station Technical Paper 516. Accepted 
for publication May 4, 1959. 

2 Respectively Entomology Research Division and Crops Research Division, 
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amined 66 species of wild and cultivated plants and found 
that nectar production ranged from 0.13 mg. in Thymus 
capitatus (Hoffmgg. & Link) to 268 mg. in Musa paradi- 
siaca var. sapientum L. (roughly from 0.0001 to 0.3 ml.). 

Within the main saguaro areas there are about 16 trees 
per acre, each bearing an average of four flowers per day 
over a 30-day period. The secretion of 5 ml. of nectar per 
flower would amount to 320 ml. per acre, about half a 
pound per day. This is similar to the calculated produc- 
tion of nectar of cantaloups (0.3-1.7 pounds per acre) 
but far less than alfalfa (54 to 238 pounds per acre) 
(McGregor & Todd 1952). Obviously there would be 
more than the average number of flowers during the peak 
of saguaro flowering. Because of the extensive acreage of 
saguaros in the Tucson areas as compared with the size 
of the usual melon or alfalfa fields, the amount of nectar 
produced during the flowering period, about one-half ton 
per day within a mile radius, should enable a 50-colony 
apiary in such a location to store a surplus of honey. 

Bee Visirors.—To obtain definite information on 
visits to saguaro flowers by honey bees and other pol- 
linating insects, a circular crown of seven open flowers 
on the tip of a branch (arm) of a plant was observed con- 
tinuously from 5 A.M. to 12:45 p.m. on May 21, 1958. 
These seven flowers were visited 400 times by honey bees 
and eight times by unidentified species of wild bees, or 
about one visit to a flower every 8 minutes. Of the honey 
bee visits 60 were by pollen collectors and 340 by nectar 
collectors. Figure 1 shows the relative abundance of these 
visitors at different times in the day. Pollen collection 
ceased about 2 hours after dawn, but nectar collection 
continued until shortly after noon, when the flowers be- 
gan to wither. 

On June 5, during a 50-minute period, 112 honey bees 
and 30 wild bees visited 7 flowers on an arm, I visitor per 
flower every 148 seconds. Eight days later an attempt 
was made to count bee visitors to four flowers on an arm. 
During the early part of the morning the flowers were 
being visited about every 20 seconds, too frequently for 
accurate counts to be made. Visitation continued at a high 
rate even after cessation of pollen collection. Visits by 
individual bees to several blossoms indicated that the 
nectar was being removed as fast as it was secreted, so the 
hees could not get full loads from individual flowers. 

Visits By AN InpivipuaL Honrty Ber.—In the course 
of these observations a particular honey bee, recognizable 
from the others by its black color, was first observed on a 
certain flower (No. III in fig. 2) preparing for departure 
to its domicile with a load of nectar. (This domicile was 
never located but must have been nearby in the forest, 
as the homeward flight by the laden bee was not toward 
the known apiary.) This bee departed about 9:10 a.m. 
and returned to the same flower at 9:17 a.m. It obtained 
a load of nectar from this flower and departed at 9:24 a.m. 
It was recognized many times thereafter until 12:28 p.m., 
and its time of arrival and the flowers visited recorded 
(fig. 2)—a marvel in the constancy of the honey bee in 
foraging the same limited area. On several trips it visited 
only one flower, and it showed no inclination to visit 
flowers on other arms of this plant or other saguaros. 

Witp Ber Vistrors.—Other identified species of bees 
collected on saguaro flowers during the period of observa- 
tion were as follows: 
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Fic. 1.—Bee visitors to seven saguaro flowers between 5 a.m. and 
12:45 p.m. on May 21, 1958. Saguaro National Monument. 


Bombus sonorus Say 

Didasia opuntiae Ckll. 

D. rinconis Cklil. 

D. sp. 

Melissodes sp. 

Agapostemon melliventris Cress. 
Augochlorella pomoniella (Ckll.) 
Halictus (Chloralictus) sp. 
Perdita spp. 


None of these bees were common throughout the 
flowering period, nor were their combined numbers at 
any time comparable to those of the honey bee visitors 
(fig. 1). The wild bees in general visited flowers on differ- 
ent plants more freely than honey bees, although many 
of the males did not contribute to cross-pollination. They 
entered flowers only infrequently to feed on nectar or to 
mate. The females collected nectar and pollen on the 
same visit, and where sufficiently abundant could be of 
major importance in the transfer of pollen between 
flowers. 

Discussion.—In the study of the pollination require- 
ments of the saguaro (Alcorn ef al. 1959) one treatment 
consisted of arms wrapped with window screens so that 
about a foot of the screen extended, tubelike, beyond the 
end of the arm. A cage was formed over the flowers by 
covering the open end of this tube with cheesecloth. 
About 50 live honey bees were released into each of five 
such cages when the first flowers opened, and this popula- 
tion was maintained throughout flowering by the addi- 
tion of bees when necessary. 

These bees, although deprived of their normal domicile 


5 Appreciation is expressed to K. V. Krombein of the Entomology Research 
Division, U. S. Department of Agriculture, for the insect identification. _, 
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Fic. 2.—Visits by a single honey bee to seven flowers on a saguaro 

arm between 9 a.m. and 12:30 p.m., May 21, 1958. The numbers 

indicate the trip numbers and the lines the visits to different 

flowers on a single trip. Numbers without lines indicate that a 

complete load of nectar was obtained from the one flower. The 

bee returned to its domicile after obtaining each load, making 
21 known trips. 


and activities, fed freely on the floral nectar. The failure 
of fruit to set in these cages reflects the self-sterility of the 
flowers, although there may have been lack of pollen 
transfer from anthers to stigma between the flowers by 
the bees. Further evidence of self-sterility was the failure 
of fruit to set in cages where bees were excluded and the 
flowers were hand-pollinated with pollen from the same 
blossom. A high percentage (80%) of fruit set when 
stigmas received pollen from flowers of other saguaros 
(Alcorn et al. 1959). 

In view of these results the observations on the repeated 
visits by one honey bee to a single flower or to flowers on a 
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single arm would indicate that honey bees were of no 
value as pollinators of saguaro. This could be true if 
flowers received only occasional visits because of a low 
bee population, or when individual plants within an area 
varied greatly in their attractiveness to bees. At the time 
this particular bee was observed (May 21) palo verde 
trees (Cercidium microphyllum (Torr.) Rose & Johnston) 
were in full bloom and attractive to honey bees. When 
observations were made on June 13 palo verde had ceased 
flowering and honey bees were competing with each other 
for the saguaro nectar and were thus forced to visit many 
flowers to obtain their load of food. Under such cireum- 
stances they could be effective cross-pollinators of sa- 
guaro. Similar observations have been made on visitation 
of honey bees in the cross-pollination of cotton. When the 
floral visitor population on cotton is low, a bee can obtain 
a load of nectar from a single flower, without effecting 
cross-pollination. When the population is high, so that 
nectar is being removed as fast as it is secreted, a bee has 
to enter many flowers to obtain a load of nectar, and thus 
is more likely to effect cross-pollination. 

The effectiveness of honey bees as pollinators of sa- 
guaro therefore depends on the population in proportion 
to attractiveness of the saguaro and other plants. 
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Tests with Dimethoate for Systemic Control of Cattle Grubs! 


R. O. Drummonp, Entomology Research Division, Agric. Res. Serv., U.S.D.A. 


ABSTRACT 


Cattle from Kerrville and College Station, Texas, and High- 
more, South Dakota, were treated orally, intramuscularly, or 
dermally with dimethoate. Oral and intramuscular dosages 
ranged from 5 to 20 mg./kg. and the strength of dermal sprays 
from 0.25 to 1%. Cattle grub control ranged from 10% to 96%, 
depending on the dosage. Those animals treated at the higher 
dosages were poisoned by the insecticide. There does not appear 
to be an adequate margin between the dosage that is effective 
against first-instar Hypoderma larvae and the dosage toxic to 
cattle. 


Dimethoate, also known as Am. Cyanamid 12880, has 
shown considerable promise as an animal systemic insec- 


ticide in screening tests at the Kerrville, Texas, labora- 
tory. It has killed screw-worms (Callitroga hominivorax 
(Cqrl.)), stable flies (Stomozys calcitrans (L.)), and lone 
star ticks (Amblyomma americanum (L.)) feeding on 
guinea pigs and goats at dosages that were not apparently 
toxic to the mammalian hosts (Drummond 1958). The 
compound showed systemic activity in screening tests in 
which yellow-fever mosquitoes (Aedes aegypti (L.)) were 
allowed to feed on treated mice, and in supplementary 
tests with other mammals (Hewitt et al. 1958). Also, 
Hewitt et al. (1958) have reported that, in preliminary 
tests, this compound killed all three larval stages of the 


1 Accepted for publication May 6, 1959. 
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common cattle grub (Hypoderma lineatum (De Vill.)) 
and the northern cattle grub (H. bovis (L.)) when admin- 
istered both orally and intramuscularly to cattle. 

In 1957 tests were conducted with cattle from ranches 
near Kerrville and College Station, Texas, and Highmore, 
South Dakota, to determine the dosages of dimethoate 
necessary to control cattle grubs. 

Tests with CaTTLE FROM KERRVILLE, Texas.—Year- 
ling steers and heifers from two herds of Hereford cattle 
were treated orally, intramuscularly, and dermally with 
dimethoate. The cattle were treated less than a month 
before grubs were due to reach their backs. For the oral 
and intramuscular treatments a stock solution was pre- 
pared by combining equal portions of dimethoate and 
absolute alcohol. This solution was diluted with distilled 
water to obtain a solution containing 20% of the active 
ingredient. For dermal treatments an emulsifiable con- 
centrate was prepared by dissolving 25 parts of dimeth- 
oate in a mixture of 65 parts of xylene and 10 parts of 
Triton X-100, and water was added to make different 
concentrations. 

Thirty animals from herd 1 were divided into four 
groups, and those in each group were numbered with a 
special marking dye. Fourteen animals were weighed and 
given the insecticide orally on July 26. The stock solution 
was mixed with water to a volume of approximately 4 
ounces and administered with a 4-ounce drenching gun. 
Seven cattle were sprayed with a 0.5% emulsion of the 
insecticide applied at the rate of 1 gallon per head with a 
power sprayer operating at a pressure of 100 pounds per 
square inch. The remaining nine cattle, not treated, 
served as controls. 

From herd 2 fourteen heifers were purchased and 
moved to the Kerrville laboratory. Each animal was 
numbered with a metal ear tag and weighed. On July 23 
an appropriate amount of the stock solution was injected 
into muscle of the gluteal region of eight animals. Six ani- 
mals were not treated. 

Animals from herd 1 were examined for grubs at 
monthly intervals from August through December, and 
those from herd 2 from August through January 1958. 
Outline maps were made of the backs of the animals. As 
grubs encysted, they were located on these maps so that 
cumulative grub counts could be made. A t test was used 
to determine the significance of the differences in average 
number of grubs per group. 

The results of the tests with cattle from Kerrville are 
summarized in table 1. In herd 1, 10 mg./kg. gave a re- 
duction in numbers of grubs significant at the 0.01% 
level. The other two treatments afforded some grub con- 
trol, but the reductions were not significant at the 0.05% 
level. In herd 2, neither treatment gave a significant re- 
duction in number of grubs. 

Tests wita CaTrLe FROM CoLLEGE STATION, TEXas.— 
The American Cyanamid Company purchased a group of 
yearling Hereford steers and heifers and moved them 
from College Station, Texas, to Greely, Colorado. Twenty 
of these animals were then shipped to pastures at Camp 
Stanley, Texas, for treatment by the author, and the 
others remained at Greely. Each animal was marked with 
a firebrand and a tattoo. 

‘Sixteen animals were sprayed with an emulsion of 
dimethoate. Each animal received 1 gallon from a power 
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Table. 1.—Grubs from cattle treated with dimethoate, 1957. 








NUMBER OF AVERAGE 
ANIMALS No. oF PER 
Gruss CENT 
TREAT- In In- PER Con- 
MENT DosaGeE* Test fested ANIMAL TROL 


Kerrville Herd 1 (Treated July 26) 


Drench 10 7 7 8.4 65 
5 df 7 13.1 45 


Spray 0.5% 5 12.6 48 


Untreated = 9 9 24.1 


Kerrville Herd 2 (Treated July 23) 


Injection 10 4 + 16.5 
5 A + 29.2 








Untreated os 6 6 33.5 


College Station Herd (Treated August 12) 
Spray 1% 8 6 13.0 
0.25% 8 7 18.9 


Untreated me Q4> 20 30.2 


South Dakota Herd? (Treated November 12-14) 


Drench 10 4 $1.25 
15 4 7.0 
20 4 2.5 


Injection 10 4 3. 
15 + ‘ea 
20 4 2. 

Spray 0.75% + 3 1.5 


Untreated 20 20 36.3 





® For drenches and injections, milligrams ot dimethoate per kilogram; for 
sprays 1 gallon of emulsion per head for Kerrville and College Station herds, 
1} gallons for South Dakota herd. 

> Data from 20 animals furnished by J. J. Drane, American Cyanamid Co., 


Greeley, Colorado. 
© Both Hypoderma bovis and H. lineatum. 


sprayer operating at a pressure of 100 pounds per square 
inch. Cattle were treated more than a month before grubs 
appeared in the animals’ backs. 

The animals were checked for encystment of grubs at 
monthly intervals from September through February, 
and cumulative counts of grubs for each animal were 
maintained. 

Results of this test are summarized in table 1. Grubs 
failed to appear in one or more animals in each group. 
Fewer grubs were found in cattle sprayed with both con- 
centrations of dimethoate than in the untreated animals, 
but the differences were not significant. 

Tests with CatrLe From Hicumore, Sout Da- 
KoTa.—Hereford cattle 8 to 9 months old were obtained 
from a ranch near Highmore, South Dakota, where //y- 
poderma lineatum and bovis were known to occur (Mc- 
Gregor & Bushland 1957, Graham 1958). In October 1957 
they were moved to Kerrville. 

Twenty-eight animals were treated with dimethoate 
orally as a drench, intramuscularly, or dermally. The 
drench was prepared from a 25% emulsifiable concen- 
trate. The injectable material was furnished by Lederle 
Laboratories. Calves, in groups of four, were weighed and 
treated orally or intramuscularly on November 12. On 
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November 14 four animals were sprayed with a 0.75% 
emulsion applied at the rate of 1} gallons per head with a 
power sprayer operating at a pressure of approximately 
100 pounds per square inch. Twenty animals were not 
treated. The calves were checked for encystment of grubs 
five times from January through April 1958. 

The results of these tests are summarized in table 1. 
None of the treatments gave complete control of grubs. 
Grubs failed to appear in one animal in each of three 
treatment groups. The control varied directly with the 
dosage, except that the injection of 10 mg./kg. was better 
than 15 mg./kg. The spray treatment, all the intramus- 
cular treatments, and all except the 10 mg./kg. oral treat- 
ment gave highly significant reductions in number of 
grubs. 

Discussion.—There was considerable variation in the 
results of treatments at 10 mg./kg., control ranging from 
14 to 92%. When higher dosages were used, this variation 
was not evident. At the dosages used, there was no con- 
sistent difference based on method of administration. 
Radiometric studies with dimethoate (Kaplanis et al. 
1959) have shown that radioactive compounds remain in 
the blood longer when administered orally, but they 
reach higher peaks when administered intramuscularly. 
Data from the tests reported herein indicate these differ- 
ences are not reflected in control of grubs. 

In general, control afforded by spray treatments in- 
creased with the concentration of dimethoate; however, 
the 0.75% spray gave the best results. The animals 
sprayed with 0.25, 0.5, and 1% concentrations were all in 
short summer hair at time of spraying, and some of the 
insecticide ran off their bodies. Each animal received 
about 1 gallon. With the 0.75% spray each animal was 
treated with 14 gallons. Because these animals were 
brought from South Dakota in the late fall, they had 
long, heavy coats of hair. Although some of the insecticide 
did run off, it is believed that larger amounts were retained 
on the wet hair in contact with the bodies, and possibly 
more was absorbed into the tissues. 

None of the animals from the two herds near Kerrville 
appeared to be poisoned by the insecticide. Some of the 
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animals from College Station were noticed by the herds- 

men to act unnaturally after spraying. Cholinesterase 

analyses of posttreatment blood samples? indicated that 
the animals treated with 1% spray had been mildly 
poisoned. 

South Dakota cattle treated at 20 mg./kg. orally and 
intramuscularly and at 0.75% dermally were examined 
closely for symptoms of poisoning. The animals treated 
orally were moderately or severely poisoned, and two 
treated intramuscularly were moderately poisoned. All 
animals, including those sprayed, showed considera)le 
reduction in blood cholinesterase activity. All the cattle 
recovered without any apparent aftereffects. 

These results indicate that dimethoate is not toxic to 
cattle at low dosages, but the dosages required to control 
grubs are only slightly below the toxic level. 
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Culture Methods for Mass Rearing of Screw-worm Larvae! 


A. J. Granam and F. H,. Duprey, Entomology Research Division, Agric. Res. Serv., U.S.D.A. 


ABSTRACT 


Serew-worm (Callitroga hominivorax (Cqrl.)) larvae were 
reared in sufficient numbers to produce 2 million sterilized flies 
weekly for 15 consecutive weeks in a Florida field test. Five days 
each week eggs were obtained from 20 colony cages, each stocked 
with 700 eight-day-old flies, by heating an attractive medium 
in the cages. Single cultures of 100,000 larvae were reared on a 
mixture of ground lean meat, blood, and water, in vats. Until 
irradiation as 6-day-old pupae, the insects were held at 80° F. 
and 90* per cent relative humidity. 


The purpose of this research was to develop methods 
for consistently rearing millions of serew-worm flies (Cal- 
litroga hominivorax (Cqrl.)) for sterilization and field 


releases in Florida. Laboratory experiments (Bushland & 
Hopkins 1951, 1953) at Kerrville, Texas, showed that 
screw-worm flies could be made sexually sterile by ir- 
radiation in the pupal stage with X-rays and gamma rays. 
In a field test (Baumhover et al. 1955) the release of 400 
sterile males per square mile weekly for 5 months eradi- 
cated this insect from the 170-square-mile island of 
Curacao, Netherlands Antilles. 

In nature screw-worms develop only in the living tissue 
of warm-blooded animals, causing serious injury or 
death. Although this is an obligatory parasite, larvae 
were reared successfully for many years on artificial media 


1 Accepted for publication May 7, 1959. 
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(Melvin & Bushland 1941) consisting of mixtures of lean 
ground meat, blood, and water. Eggs were obtained by 
holding several females in shell vials with a little lean 
meat for about 2 hours at 95° F., and cultures of larvae 
were grown in washtubs or bun trays in a room or cabinet 
heated to about 100° F. This method was well adapted to 
rearing thousands of insects, but not for producing mil- 
lions. Procedures by which 2 million screw-worms were 
reared per week for 15 consecutive weeks in a pilot plant 
near Bithlo, Florida, are presented in this paper. 

Aputt Fry Cotony.—The laboratory colony was the 
progeny of a composite strain of flies taken from several 
localities in Florida and adapted to a laboratory environ- 
ment by Baumhover and New (unpublished). 

In mass rearing, 3% of the total flies produced were 
used as breeding stock for the propagation of new cul- 
tures. Breeding stock in sufficient numbers to produce 2 
million flies per week was held at 80° F. in disposable card- 
board cages 22 X 12X12 inches with sleeves on one end. 
Since eggs were needed for new cultures on a 5-day-per- 
week schedule, the colony-holding cages were stocked 
accordingly. Each day 25 cages were stocked with 700 
flies of both sexes in the last day of the pupal stage. A 
meat-honey mixture and a honey fountain were inserted 
just prior to adult emergence and no other feeding was re- 
quired. Water was provided by inserting a pint jar over 
paper toweling in a petri dish. 

Oviposition.—Oviposition of 200 to 300 eggs per 
female was obtained from 8-day-old flies held at 80° F. 
Because of high mortality of older flies, eggs were ob- 
tained only once. 

For large-scale rearing, gravid females were stimulated 
to oviposit on a special medium in the colony holding 
cages. The attractive ingredient was the fluid recovered 
from the thawing of frozen ground beef heart and in- 
cubated for 72 hours at 97° F. One part of the fluid was 
thoroughly mixed with nine parts of lean ground meat. 
To obtain eggs, two wide-mouth pint jars, each con- 
taining 50 grams of the medium, were placed in each cage. 
Cardboard cylinders held the jars above 15-watt light 
bulbs, maintaining a constant temperature of 97° F. at 
the surface of the medium. After 2 hours oviposition 
was completed and eggs were collected and weighed into 
10-gram lots, each lot consisting of approximately 
200,000 eggs. More than 99% of the eggs hatched on 
moistened paper in petri dishes after 14 to 16 hours’ 
incubation at 80° F. 

Rearing 2 million screw-worms per week required 200 
grams of eggs, which were obtained from flies in approxi- 
mately 100 colony cages. For future production of 50 
million flies per week a colony cage with 60 times the fly- 
holding capacity was developed. This was a wood-sup- 
ported screen cage 6 X 6 X 4 feet. One entire end was a door 
for entering and servicing. Resting area for 50,000 flies 
was provided by suspending paper toweling from a rack 
hear the top of the cage. Containers with food and water 
were placed on the floor along the sides, and the center 
left free for an electrically heated oviposition tray 5 feet 
long, 10 inches wide, and 1 inch deep. To obtain eggs the 
tray, with oviposition medium 3 inch deep, was inserted 
through a sleeve in one end of the cage. By this method on 
an ie 135 grams (2,700,000 eggs) were collected from 
each Cave, 
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ReaRING oF Larvar.—Equipment and procedures 
were developed for weekly rearing of 20 cultures, each of 
100,000 larvae. Larvae were grown on a medium con- 
taining 54% lean ground meat, 30% water, 15% citrated 
bovine blood, and 0.2% formalin to retard putrefaction. 
Satisfactory growth was obtained on horse meat, beef, 
or beef heart not exceeding 9% in fat. The medium was 
mixed with a double propeller agitator in a 30-gallon 
soup kettle and pumped directly through a hose to the 
rearing facilities. Each culture required approximately 
150 pounds of meat, 5 gallons of blood, and 10 gallons of 
water. 

Larvae were grown the first day in galvanized-iron 
starting trays 18X24 inches and 4 inches deep. Since 
newly hatched larvae are only surface feeders, the surface 
of the medium was kept warm by holding the trays in a 
constant-temperature cabinet at 95° F. and 100% rela- 
tive humidity. Growth was completed in galvanized-iron 
vats 10 feet long, 4 feet wide, and 1 inch deep. Each vat 
formed the top of a table with the bottom and sides en- 
closed. Galvanized-iron troughs, fitted to all sides, 
caught and directed the full-grown larvae to sand tubs 
on the floor. For convenient servicing the vats were 
spaced 23 feet apart in rows. Instead of being held in a 
heated room, as had been the practice, the rearing 
medium was heated from beneath with a battery of light 
bulbs, and larvae were reared at temperatures closer to 
those of nature. Although the uninfested portions of the 
medium were heated to 95°, the larvae fed as a colony 
and within the mass of feeding maggots the temperature 
was 5° to 7° higher. The surrounding air of the well- 
ventilated room was much cooler. Constant air circula- 
tion also prevented the accumulation of ammonia gas 
and disagreeable odors from the products of larval 
metabolism and putrefaction of the medium. 

With the equipment and conditions described above, 
larvae were fed once daily a quantity of medium for their 
age requirements, and they attained full growth after 5 
or 6 days. Four new cultures were started simultaneously 
on five consecutive days per week. Each culture of newly 
hatched larvae spent the first day on medium } inch deep 
in the starting trays. Their growth was accelerated by 
substituting blood serum, when available, for whole blood 
in the starting medium. On the second day each culture 
was transferred to a rearing vat. However, the vat was 
not filled with medium at this time, but the larvae were 
established in strips of medium ? of an inch deep, 10 
inches wide, and running the full length of the vat. The 
medium was held within this area by attaching a thin 
sheet of plastic to a board which formed a temporary 
division within the vats. On the third day this board was 
removed and medium } inch deep was pumped in, com- 
pletely filling the vat. Screw-worm larvae feed gre- 
gariously, migrating in a path across the vats, leaving 
behind the spent medium. All spent medium was scooped 
out with dustpans before the fourth day’s feeding, and the 
larvae mixed with the remaining food were arranged in a 
central area 1 foot wide and 10 feet long. Medium 1 inch 
deep was pumped into the space on both sides to allow 
feeding in opposite directions from the center. Proce- 
dures on the fifth, and final, day of feeding were similar, 
except that less medium was added because most of the 
larvae had attained full growth. At this time enough 
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spent medium was removed from the central area to make 
room for a layer of medium 1 inch deep, 10 inches wide, 
and lengthwise bordering the collecting troughs. Grown 
larvae, seeking soil in which to pupate, left the vats and 
were collected as described above. After collection of each 
culture, the vats were washed and sterilized with steam. 
All spent medium was steamed to kill any remaining 
larvae, and then covered with dirt in trenches. 

Pupation.—Grown larvae were transferred from the 
collecting tubs beneath the vats to sand in pupation 
trays 24245 inches. To prevent overcrowding, not 
more than 10,000 larvae were placed in 4 liters of sand in 
each tray. New pupae were separated from sand and 
larvae every 12 hours. Sand was removed by sifting 
through a screen-bottom tray. Separation of larvae from 
pupae was accomplished by holding a mixture of both 
above pupation trays in wire baskets of }-inch mesh, 
through which the larvae crawled and dropped to the sand 
below, leaving the pupae behind. 

HANDLING oF Pupar.—Newly formed pupae were dis- 
tributed at the rate of 2 liters to each wire holding tray of 
18262 inches, washed with tap water, and held at 
80° F. and 95% relative humidity. After 5} days 97% of 
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the pupae were delivered to the sterilization facilities, the 
other 3% being diverted to colony maintenance. 

Recorps ON Propuction.—Following the procedures 
described above, screw-worms were reared from April ]j 
to August 11, 1957. A crew of men (one entomologist, 
one biological aid, and laborers) reared 37,458,000 pupae 
in a total of 4,231 man-hours. The insects consumed 
106,600 pounds of rearing medium. 
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Systemic Insecticides for Citrus Whitefly Control on Gardenia’ 


L. L. Hycue and B. W. Artuur, Alabama Polytechnic Institute, Agricultural Experiment Station, Auburn 


ABSTRACT 


Experiments were conducted at the Ornamental Horticultural 
Field Station, Mobile, Alabama, for 4 years beginning in 1953 on 
control of citrus whitefly, Dialeurodes citri (Ashm.), on 1-year old 
liners of Gardenia jasminoides v. radicans and v. mystery. Treat- 
ments were replicated four times and randomized. Demeton 
50%, methyl demeton 50%, Am. Cyanamid 12008 (0,0-diethy] 
S-(isopropylthio)methyl) phosphorodithioate) 48%, Am. Cyan- 
amid 12009 (0,0-diethyl S-(propylthio)methyl phosphoro- 
dithioate) 48%, and Delnav® (2,3-p-dioxanedithiol S,S-bis(0,0- 


diethyl phosphorodithioate) 25%, all at the rate of 1 pint per 100 


The citrus whitefly, Dialeurodes citri (Ashm.), feeds on 
a wide variety of plants. Its hosts include 15 primary and 
16 secondary plant genera and species (Armitage 1954). 
Damage to citrus by the citrus whitefly has been recog- 
nized for many years (Watson & Berger 1937, English & 
Turnipseed 1940). In Alabama, gardenia is a favorite host 
plant of this insect. The whitefly is active throughout the 
year with peak populations occurring during late summer 
and fall. Feeding is confined almost entirely to the under- 
side of leaves. Leaves become black from the growth of a 
sooty mold in the excrement of the immature stages. 
Heavy infestations lower plant vitality and flower and 
fruit production. Infested plants are also more susceptible 
to cold injury than healthy plants (English & Turnipseed 
1940, Tippins 1958). 

White oil emulsion was the standard recommendation 
for citrus whitefly control in Alabama for many years 
(English & Turnipseed 1940). Oil sprays were applied 
during periods of relatively mild weather to avoid injury 
to plants. The effectiveness of several systemic insecti- 


gallons of water, and white oi] emulsion at 2 gallons per 100 gal- 
lons of water were highly effective for control of whitefly. 
Schradan, malathion, Parathion, and Isolan® (dimethyl 5-(1-iso- 
propyl-3-methyl-pyrazolyl) carbamate) foliage sprays were less 
effective against this insect. Soil applications of demeton, Am. 
Cyanamid 12008, Am. Cyanamid 12009, Thimet® (0,0-diethyl 
S-(ethylthio) methyl phosphorodithioate), and Di-Syston® (0,0- 
diethyl S-2-(ethylthio)-ethyl phosphorodithioate) were also 
highly effective for whitefly control. Two foliage or soil applica- 
tions were necessary for best control. 


cides for citrus whitefly control on gardenia even during 
periods of subfreezing temperatures was reported by 
Tippins (1958). 

Experiments were conducted at the Ornamental 
Horticultural Field Station, Mobile, Alabama, for 4 years 
beginning in 1953 on control of the citrus whitefly on two 
varieties of Gardenia jasminoides. Several organophos- 
phates were applied to the soil or foliage and compared 
with the effectiveness of white oil emulsion for citrus 
whitefly control. 

ProcepurE.—All experiments were conducted under 
lathhouse conditions on 1-year-old liners of Garden 
jasminoides v. radicans or v. mystery plants which had 
been transplanted into 6-inch metal pots containing ap- 
proximately 0.1 cu. ft. of soil of uniform texture and 
composition. Treatments were replicated four times all 
randomized; from two to four plants constituted a repli 
cate. 


1 Accepted for publication May 7, 1959. 
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Table 1.—Average number of citrus whitefly nymphs per 
jeaf on Gardenia jasminoides v. radicans following foliage 
application of insecticides on October 6 and 30, 1954. 
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Table 3.—Average number of citrus whitefly nymphs per 
square inch of leaf on Gardenia jasminoides v. mystery fol- 
lowing soil applications of insecticides on May 3, 1956. 








a 
AveraGE No, or WuiteE- 
FLY NYMPHS PER LEAF 

on Dates SHOWN 
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55 





Rate/100 
Ga. WATER 


10/ 12/17/ 2/ 


TREATMENT 29/54 54 17/55 





Untreated 
Demeton, 50%, E.C. 
Methyl demeton, 50%, E.C. 
Schradan, 90%, E.C. 
Am, Cyanamid 12008, 48%, E.C. 
Am. Cyanamid 12009, 48%, E.C. 
Malathion, W.P., 25% 
Parathion, W.P., 15% 
Islan, 25%, E.C. 
White oil, emulsion 

LS.D. at 5% level 

at 1% level 


31 22. 


-_ 
- 
_ 


_ 
ne 
om 


WOAWAMWOAREAR 
COnmm on 


SOS e ae | 
a 


— 
Qronwnnwroos 


_ 
QIacoweeK COONS 


VAISS UW WKH OW 


BHC OK KOR 
SPeOSEESS 


WAS VSN WWW 
BOPP H Om eee 


CH or oo 





Foliage applications of several organophosphates were 
made with a 5-gallon power sprayer. Plants were sprayed 
to the point of run-off from the leaf surface and special 
care was taken to spray the lower surface of leaves. All 
insecticides were mixed with water for application. Soil 
applications were made by pouring 50 ml. of water con- 
taining 0.125% technical insecticide around the base of 
each plant in each treatment. In one experiment, insecti- 
cidal dusts were mixed with the potting medium prior to 
transplanting the liners. Plants were watered in the same 
manner after treatment as before treatment. The insecti- 
cides used, rates, methods, and interval of application are 
given in tables 1, 2, and 3. 

Whitefly infestations were determined by counting the 
live nymphs on two leaves per plant. From 16 to 32 leaves 
per treatment were examined under a binocular micro- 
scope and the average number of whitefly nymphs per 
leaf used to evaluate the effectiveness of treatment. In 
one experiment, the nymphs per square inch of leaf sur- 
face were counted to determine the degree of infestation. 
Leaves examined were selected for uniformity in size and 
from about the same position on the plants. 

Resutts.—The results of an experiment on control of 
the citrus whitefly on gardenia with foliage sprays of 
several insecticides are given in table 1. About 3 weeks 
after the first application of insecticidal sprays, all treated 
plants had significantly fewer whitefly nymphs than the 
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® Insecticides were mixed with the potting medium at the indicated rates per 
acre of soil to a 6-inch depth. 


untreated plants. Demeton, Am. Cyanamid 12008 (0,0- 
diethyl S-isopropylthio) methyl phosphorodithioate), Am. 
Cyanamid 12009 (0,0-diethyl S-(propylthio)methy| 
phosphorodithioate), and white oil emulsion were signifi- 
cantly more effective for whitefly control than parathion, 
malathion, schradan, methyl demeton, or Isolan® (di- 
methyl 5-(1-isopropyl-3-methyl-pyrazolyl) carbamate). 
However, there were no differences in the effectiveness 
of parathion, malathion, demeton, Am. Cyanamid 12008, 
Am. Cyanamid 12009, and white oil emulsion after the 
second foliage spray (table 1, column 12/17). Four to 5 
months after the second application of insecticidal sprays, 
nymph populations on all treated plants except those 
receiving Isolan were significantly lower than on the un- 
treated plants. Infestations on plants treated with mala- 
thion, demeton, Am. Cyanamid 12008, Am. Cyanamid 
12009, and white oil emulsion were significantly lower 
than those on plants treated with schradan (table 1, 
column 2/17). The population level of whitefly nymphs 
on untreated plants decreased gradually from October to 
April because of the emergence of adult whiteflies and 
mortality of nymphs from natural causes. 

A comparison of the effectiveness of several organo- 
phosphates when applied to the soil or foliage for whitefly 
control is shown in table 2. Following the application of 


Table 2.—Average number of citrus whitefly nymphs per leaf on Gardenia jasminoides v. mystery following foliage or 


soil applications of insecticides, 1955. 
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Untreated — 4.8 
Demeton, 50%, E.C., foliage 1 pt. 11. 
Demeton, 50%, E.C., soil 1 pt. 21.5 
Methyl demeton, 50%, E.C., foliage 1 pt. 30.: 
Am. Cyanamid 12008, 48%, E.C., foliage 1 pt. 9. 
Am. Cyanamid 12008, 48%, E.C., soil 1 pt. 0. 
Am. Cyanamid 12009, 48%, E.C., soil 1 pt. 0. 
Delnav, 25%, E.C., foliage 1 pt. 26.4 
Delnav, 25%, E.C., foliage 2 pt. 32.8 
Parathion, W.P., 15%, foliage 2 |b. 48.6 
LS.D. at 5% level 13.8 
at 1% level 18. 
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* Initial treatments applied March 2, 1955; second application made to all plants exclusive of Am. Cyanamid 12008 and 12009 soil treatments on August 30 


third application made to all plants receiving foliage sprays on September 9. 
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insecticides on March 2, nymph populations on both 
treated and untreated plants were negligible until July. 
The population buildup on check plants and plants re- 
ceiving soil and foliage applications of Am. Cyanamid 
12008 and soil applications of Am. Cyanamid 12009 was 
considerably slower than on all other plants. By the end 
of August, infestations on all plants except those treated 
with soil drenches of Am. Cyanamid 12008 and 12009 
were sufficiently high to require additional applications 
of insecticides. Two additional applications of all foliage 
sprays (August 30 and September 9) and one of demeton 
to the soil (August 30) were necessary to effectively con- 
trol whiteflies. Approximately 9 months after initial 
treatment, whiteflies on plants receiving soil applications 
of Am. Cyanamid 12008 and Am. Cyanamid 12009 were 
still significantly fewer than those on untreated check 
plants. At the termination of the experiment, two soil 
applications of demeton were equally as effective for 
whitefly control as three foliage sprays of demeton, 
methyl demeton, Am. Cyanamid 12008, Delnav® (2,3-p- 
dioxanedithiol S,S-bis(O,0-diethyl phosphorodithioate), 
or parathion, and no significant differences in effectiveness 
occurred among the chemicals applied as foliage sprays. 

Gardenia liners transplanted in potting medium con- 
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taining 1, 2, or 4 pounds technical per acre of Thimet® 
(0,0-diethyl S-(ethylthio)methyl phosphorodith ioate) 
in dust or 4 pounds of Di-syston® (0,0-diethy! §.9. 
(ethylthio)ethyl phosphorodithioate) dust had signif. 
cantly fewer whitefly nymphs per square inch of leaf 
surface 3 weeks after treatment than the untreated check 
plants (table 3). The 2- and 4-pound rates of Thimet 
were significantly effective for approximately 6 weeks, 
The whitefly infestation was somewhat less on all treated 
plants than on untreated for as long as 2 months after 
application of insecticides; however, the differences were 
not significant. 
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A Collecting Technique for Pink Bollworms and Other Insects Using 
a Berlese Funnel with an Improved Heater! 


E. W. Crark, A. L. Wittiamson,? and C, A. Ricumonp, Entomology Research Division, Agric. Res. Serv., U.S.D.AS 


ABSTRACT 

Diapause pink bollworm (Pectinophora gossypiella (Saund.)), 
larvae were activated prior to the Berlese funnel treatment by 
exposing moist, infested material to 80° to 100° F. for 70 to 140 
hours. This activation did not necessarily break the diapause. 
Through the use of heat, larvae of nondiapause pink bollworm, 
boll weevil (Anthonomus grandis Boh.), greater wax moth 
(Galleria mellonella (L.)), a phorid fly (Megaselia sp.), and 
saprophagous flies were forced out of infested material with little 
difficulty. A heater using a Nichrome wire grid which gave uni- 
form heat was devised for large Berlese funnels, thus allowing 
large amounts of insect-infested material to be processed with 
high larval yield. 


There has long been a need for an efficient means of 
removing larvae of the diapause pink bollworm (Pectino- 
phora gossypiella (Saund.)) from cottonseed, or similar 
material, for experimental purposes. For many years 
larvae have been removed manually by cutting the seed, 
but this process is slow and tedious and, even with cau- 
tion, injuries to the larvae cannot be avoided. 

It has been observed that the pink bollworm has a 
negative thermotactic reaction. For example, when in- 
fested cottonseed was placed on a white tarpaulin and 
exposed to sunlight, the larvae abandoned the seed for a 
cooler area. It was decided, therefore, to conduct experi- 
ments at the pink bollworm laboratory at Brownsville, 
Texas, utilizing heat, which would bring about a mass 
exodus of the larvae from seed. 

A temperature differential to drive insects from their 


habitat niches has been used for many years, being first 
utilized by Berlese (1905). Most of the devices developed 
for this purpose, called Berlese funnels, consist of a heat- 
ing unit, a funnel-shaped unit to hold the infested ma- 
terial and direct the insects, and a collecting unit. The 
heating unit is the only one that has changed appreciably 
through the years. The first one consisted of a water 
jacket heated by a gas burner (Berlese 1905, Howard 
1906, Jarvis 1908, Banks 1909, Wilson 1911). As elee- 
trical power became available, the cumbersome jacket 
was discarded and a simple lid or box holding either a 
light bulb or a heater, such as a flatiron or an inversion 
heater, was adopted (Tullgren 1917, Tragardh 1938, 
Donohoe et al. 1934, Christenson 1936). 

Mareriats Usep.—Infested seed cotton, cottonseed, 
and green cotton bolls were used in these experiments. 
Hand examination showed that there were 100 to 130 
pink bollworm larvae per pound of seed cotton, 150 to 200 
larvae per pound of cottonseed, and 3 to 10 larvae pet 
green boll. These green bolls were also heavily infested 
with boll weevils (Anthonomus grandis Boh.) and, when 
rotten, with phorid flies. The seed cotton was picked from 
fields heavily infested with pink bollworms in the fall and 
was stored at 55° to 60° F. At this temperature it is 
possible to maintain healthy inactive larvae within the 
seed for at least 2 years. The cottonseed was ginned from 
this seed cotton. 

! Accepted for publication May 15, 1959. 


2 Resigned August 1, 1958. 
3 In cooperation with the Texas Agricultural Experiment Station. 



















































Cr & © = 2 = DC WH. 


Pee. ae | 





52, No.5 


7] 


of Thimet® 
odith vate) 
iethy! §.9. 
ad signifi. 
ich of leaf 
ated check 
of Thimet 
y 6 weeks, 
all treated 
ynths after 
ences were 


lures in in- 
1): 6-19, 
itrol of the 
1 Alabama. 
i. 


n gardenia, 


nsects and 


Bull. 88: 


ing 


eing first 
leveloped 
of a heat- 
sted ma- 
init. The 
preciably 

a water 








Howard 
As elec- 
1e jacket 
either a 
inversion 


th 1938, 


-tonseed, 
‘riments. 
) to 130 
50 to 200 
rvae per 
infested 
d, when 
ced from 
fall and 
ire it Is 
thin the 
ed from 


October 1959 


One-half or 1-pound samples were used for the tests. 
After each treatment the larvae remaining in the sample 
and those forced out were counted and the percentage of 
the total that were forced out was calculated as the yield. 

PRELIMINARY ExXPERIMENTs.—These experiments 
showed that pink bollworm larvae can be forced from 
seeds by the use of heat from one of three sources—a 
110-watt incandescent bulb, a 75-watt spotlight, and a 
950-watt infrared bulb. Inactive larvae must be activated 
by moistening the refrigerated seeds and holding them for 
at least 24 hours. If dry or moist seeds were treated with- 
out conditioning, the yield of larvae was only about 3% to 
5%. No useful phototactic response was observed. 

Description OF HeatinG AppARATUs.—An apparatus 
was designed to give uniform heat over the area being 
treated (fig. 1). It is 30X30 X51 inches high and consists 
of a heater box resting on a funnel support. The box 
has a voluine of 7 cubic feet. It contains a drawer with a 
Linch mesh bottom and will hold 4 pounds of cottonseed 
spread to the depth of 2 inches. It has two parallel grid 
heaters made of B. & S. No. 32 Nichrome wire, the main 
one having a rating of 470 watts and the auxiliary 334 
watts, both controlled by a chicken-brooder thermostat 
in which acetone is substituted for the ether in the tem- 
perature-actuated wafer. It is not necessary to install two 
parallel circuits, but an auxiliary circuit is convenient 
for heating the box rapidly. When the box has reached 
the desired temperature, the auxiliary circuit can be 
turned off. 

The grid-type heater used in this Berlese apparatus has 
several advantages over heaters commonly used. These 
advantages are even heat distribution, ease of control, 
and ease of design; and they become more important as 
the size of the apparatus increases. In other methods the 
use of electric-light bulbs, immersion heaters, and similar 
devices, although adequate for small collecting apparatus, 
resulted in such spotty heating that all control was lost. 

The heater wire may be mounted in two ways. For 
small boxes of approximately 1 cubic foot, the Nichrome 
wire can be strung through holes bored in the wooden 
frame, thus avoiding insulators. However, to keep the 
temperature of the wire below the charring point of the 
wood, the total resistance of the wire must not be less 
than 100 ohms. 

An alternative method is to fasten the wire to j-inch 
asbestos wall board, which is attached to the top of the 
heater box. This heating system is simpler inasmuch as 
the wire can be operated at red heat. It may be wired to 
have two heater units, both controlled by a DPDT switch 
—either a series circuit or, by center tapping the resis- 
tance wire, two parallel circuits, the former unit having 
one-fourth the wattage of the latter unit. 

The wattage needed for the apparatus was determined 
from the volume of the heater box and frame. However, 
this wattage was difficult to estimate. The tendency is to 
install too large a heater, which results in its being on a 
small portion of the time and causing large fluctuations 
around the desired temperature. As a general rule, for 
the best performance the on-off cycling of a heater should 
be about 50:50. It was found that at a room temperature 
of about 80° F. the required wattage to maintain 110° 
could be estimated roughly by the formula P= 60 V — 25, 
where P is the wattage and V the volume. 


CLARK &£T AL.: COLLECTING METHOD FOR PINK BoLLWorMsS 





1011 

















Fic. 1.—Berlese funnel with heating apparatus for collecting 
pink boliworm larvae. 


EXPERIMENTS WITH New Apparatus.—Experiments 
were conducted in which cottonseed or seed cotton was 
held under different levels of moisture for various periods 
up to 168 hours in a greenhouse or an emergence room 
in which the temperature was controlled at 85° to 95° F. 
and the relative humidity at 70% to 90% (Richmond & 
Husman 1957). The most effective moist conditions were 
determined as follows: (1) Soaking the material in water 
for various periods of time, (2) placing wet material over 
damp sand or vermiculite, (3) placing wet material be- 
tween layers of damp sand or vermiculite, and (4) placing 
dry material between layers of wet sand or vermiculite. 
This infested material was placed in the Berlese appara- 
tus and treated at 100° to 120° F. for periods from 30 
minutes to 8 hours. Green cotton material was placed in 
the apparatus with no prior treatment, except that the 
bolls were opened with a knife or a boll cracker (Clark & 
Netterville 1957). 

Three hundred tests were carried out in developing this 
technique. Briefly, it was found that 80% to 100% of the 
diapause pink bollworm larvae could be driven from 
cottonseed and seed cotton by holding the material under 
moist conditions for 70 to 100 hours in either the emer- 
gence room or greenhouse at 90° to 100° F., and then sub- 
jecting it to approximately 110° for 30 to 60 minutes on 
3 consecutive days in the Berlese funnel. 

High larval yield was dependent primarily upon three 
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factors—time, moisture, and temperature. Below the 70- 
hour activation period the number forced out dwindled 
rapidly; for 50 hours the average yield was approximately 
30%. The maximum period of activation was around 140 
hours, for after this period the diapause tended to be 
broken and pupation occurred. The time required for 
thoroughly activating the larvae varied inversely with 
their physiological age—the older a larva the more readily 
it became active. 

The same relationship also existed with the time re- 
quired to force the larvae from the seed. Ordinarily 90% 
of 18-month-old larvae left in the first 30 minutes, 
whereas three treatments were need to drive out those 6 
months old. The older larvae were less vigorous, smaller, 
and less resistant to adverse conditions. Although they 
were easier to activate, they also had a higher mortality. 
Poor activation or heating the cottonseed too rapidly 
caused a high mortality of the 18-month-old larvae but a 
very low mortality of those 3 to 6 months old. 

Both the amount of water and the type of agent used 
to maintain moisture were important, as high moisture 
conditions favored excessive rot in the infested material, 
which subsequently brought about a high larval mortal- 
ity. The most favorable moisture conditions for activa- 
tion were brought about by sandwiching the cottonseed 
in plastic screen bags between 4-inch layers of moistened 
vermiculite. Vermiculite was found to be the best agent 
because of its high water retention, and as it caused little 
rot of seeds. Of the various types of sand tried, fine sand 
was the best; builder’s sand had a tendency to bring 
about rapid decomposition. 

The daytime temperatures most favorable for activa- 
tion were between 90° and 100° F., and the nighttime 80° 
and 90°, but fluctuations between 80° and 100° did not 
seem to alter the results. Larval yields above 80% were 
evidently due to several factors in addition to time, mois- 
ture, and temperature. Many experiments were carried 
out in an attempt to identify these factors, but without 
concrete results. However, it became more difficult to 
drive the inactive larvae from the seed as the yield ap- 
proached 100%. 

During the Berlese funnel treatment it was important 
not to expose the larvae to temperatures above 115° F. 
Between 115° and 120° heat rigor developed and, al- 
though the larvae did not die, they were unable to move. 
Temperatures of 125° and above for 30 minutes are lethal 
(Clark 1957). 

Nondiapause larvae in all stages were driven from the 
fruiting forms of cotton. A high percentage of the third- 
and fourth-instar larvae were recovered, but unless cer- 
tain precautions were taken most of the first two instars 
were lost owing to heat sensitivity during the exposure in 
the device or later through cannibalism. 
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The larvae of a phorid fly (Megaselia sp.) and other 
saprophagous flies and boll weevils were also driven cut of 
cracked green bolls, between 90% and 100% of the former 
insect. Boll weevil larvae, as could be expected, were slow 
in their exodus and more efficient and rapid removal 
would require a special technique. 

This apparatus was also tried on cultures of the greater 
wax moth (Galleria mellonella (L.)) that were used in the 
insect pathology laboratory at Brownsville. The wax 
moths were reared in a medium composed mainly of 
Pablum and honey, and considerable time was consumed 
in removing the larvae for treatment or storage. The 
larvae, both free and in cocoons, were forced from the 
medium when it was spread out in the Berlese funnel. 

As a method to obtain pink bollworm larvae in whicha 
uniform high yield is of little consequence, this technique 
is quite adequate. However, if the goal is a high uniform 
yield for use in infestation determinations, more study 
is needed as there are many dependent variables that 
need further examination. 
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SCIENTIFIC NOTES 


Evaluation of Off-Odor in Malathion-Treated 
Wheat' 


Davip W. WALKER AND Rutu Locke? 


Malathion has given excellent results when used as a protective 
treatment on stored wheat in laboratory tests (Watters, 1959). 
High mortality has been recorded against adults of the saw- 
toothed grain beetle. Oryzaephilus surinamensis (L.); flat grain 
beetle, Laemophloeus pusillus (Schénk.), and lesser grain borer, 
Rhizopertha dominica (F.), with treatments as low as 0.1 p.p.m. 
Similar results have been obtained for other species of stored- 
grain insects when this material was used as a contact insecticide 
(Vincent & Lindgren 1957). 

However, objectionable off-odors frequently were found in 
milling grain and in baking with flour milled from wheat treated 
with standard technical grade malathion. Germination has not 
been affected and there has been no off-flavor in bread made 
with flour milled from treated samples of wheat in previous tests 
(Walker 1957). 

ProcepurEs.—Work was undertaken to determine whether 
malathion odor was detectable at 8 p.p.m., the recommended 
dosage of this material. One series of treatments was made using 
fresh, premium grade malathion emulsifiable concentrate at 4, 
8, 16 and 100 p.p.m. levels 68 days before evaluating odor, and 
another series 1 day prior to evaluating. 

Grading System.—A panel was set up for eight samples. A 
covered Pyrex double boiler, with water boiling in the lower 
portion and 500 grams of wheat in the upper portion, was used 
for each sample. The samples were kept hot at all times and 
replaced frequently with a fresh aliquot from the same lot of 
wheat. 

One sample was identified as an untreated control. Panel 
members were asked to smell the control first, and as often as 
they wished between samples, to acquaint themselves with 
normal wheat odors. The other samples included one treated 
with 4 p.p.m. malathion and stored 68 days before evaluation; 
two samples treated with 8 p.p.m., one stored 68 days before 
evaluation and the second, 1 day; one sample treated with 16 
p.p.m. and stored 68 days; two samples treated with 100 p.p.m., 
one stored 68 days and the second, 1 day; and one sample of 
untreated wheat from the same lot as the control sample. 

Odor was described as “objectionable” or “not objectionable” 
and graded on a scale of 1 to 10 points difference from the un- 
treated control. Scores of 1 and 2 for an individual sample for a 
panel member indicated no difference from the known control; 
3 and 4—a slight difference; 5 and 6—a moderate difference; 
7and 8—a large difference; and 9 and 10—an extreme difference. 
Thus a minimum possible score for one treatment by the 28 
panel members of between 28 and 56 would show no difference 
from the untreated sample. A maximum possible score of 252 
to 280 would show an extreme difference. 

The order of evaluations was a randomized block design and 
the sequence was changed for each evaluator. Scoring was done 
by the evaluator and a separate record was kept for each. 
Tabulated results were analyzed by the Duncan (1957) Multiple 
Range Analysis method. 

Resutts.—The results of the evaluations are given in table 1. 
There was no significant difference among treatments at 0 to 
16 p.p.m., regardless of the time interval between formulating 
and evaluation. The 100-p.p.m. treatments differed significantly 
in odor from the 16-p.p.m. treatment made 68 days before, and 
from the 8-p.p.m. treatment made 1 day before the evaluation 
(p=.01). Sixty-eight per cent of the evaluators judged the 
100-p.p.m. treatment, stored 1 day, as “objectionable.” Eighty- 
four per cent found the 100-p.p.m. treatment, stored 68 days, 
“objectionable.” These results indicate that an application of 


Table 1.—Results of evaluation of off-odor in malathion- 
treated wheat. 








DvuRAtTION oF Ex- 
POSURE (DAYS) 


TREATMENT 
(P.P.M.) 


Tora Score 


4 68 96 
Untreated 1 97 
8 68 106 

16 68 116 

8 1 119 

100 1 176 
100 68 197 








premium grade malathion at the recommended rate of 8 p.p.m. 
for storage periods of 68 days, will not produce an objectionable 
odor in wheat. 
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A Field Test for the Control of Trichoplusia ni 
(Hbn.) on Celery with Several Insecticides 
and Bacillus thuringiensis Berliner‘ 


A. A. Grigarick? and Y, Tanapa’4 


Populations of the cabbage looper (Trichoplusia ni (Hbn.)) 
occur in peak densities on celery in San Joaquin County, Cali- 
fornia, during late September and October. A field test for the 
control of the cabbage looper was initiated in this area on October 
7, 1958. Several experimental and currently used chemical in- 
secticides and two formulations of a microbial insecticide con- 
taining spores of Bacillus thuringiensis were included in the test. 

Mernops.—The check and 10 treatments were replicated 
four times in a randomized complete block design. Each of the 
replicated plots measured 25X50 feet. The materials were ap- 
plied with Hudson hand sprayers and dusters at a rate of 50 
gallons of water or 50 pounds of dust per acre. A wetting agent, 
Colloidal X-77 (Colloidal Products Corp., San Francisco, 
California), was added at the rate of 1:1500 to all the spray 
treatments. The celery plants were 10 to 15 inches high when 
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Table 1.—Results of treatments for the control of Trichoplusia ni on celery. 
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FORMULATION AND 


TREATMENT CONCENTRATION 


AcTIVE INGREDI- 
ENT PER ACRE 3 xf 14 7 


MEAN NUMBER OF 3rp- 
57H Instar Larvar 


MEAN NuMBER OF LARVAE 
PER 25 Feet or Row 


PER 25 Feet or Row 





Days Following Treatment* 








Malathion+ Perthane 
DDT +Toxaphene+Sulfur 
Thiodan 
Bacillus thuringiensis 
Parathion 2% dust 
Phosdrin 1.5% dust 
Dimethoate 4 lb./gal. EC 
Bacillus thuringiensis 5 |b./100 gal. 
spores/gm. 
4% dust 
2 lb./gal. EC 


4%+5% dust 
Bf 18% + 45% dust 


1.0 lb. 


of 60X10° 


Dibrom 
Am. Cyanamid 18706 
Check 


2.0+2.5 lb. 5* 4* 
2. ty 5+20 lb. 
1.5 


Meg io dae per gm. dust 6. de rio spores 


0.75 lb. 
1.0 lb. 


6.8X10'8 spores 
2.0 lb. 
1.0 lb. 


16* 

208 0* 

62> 7 

46> sg 
108° 5» 
163° 7 
135% 23° 21° 


14> 
25° 
37° 
27° 
604 
7TRde 


qab 
17° 
314 
12° 
1Qb¢e 
84ef 


18b¢ 5 
21° 27° 
30° 30° 
23° 34° 


168% 
2164 


1934 
2214 


101¢ef 
128%« 
129efe 
193¢ 


101°% 
62° 

115‘ 

1478 





® Analyses were made on transformed data. Treatments associated with the same letter are not significantly different from each other at the 5% level. 


6 0,0-dimethy! S-(N-ethylearbamoylmethyl) phosphorodithioate. 


treated and they were harvested approximately 60 days there- 
after. There were approximately 40 plants per 25 feet of row. 

Counts of looper larvae were made at intervals of 3, 7, and 14 
days after treatment. The larvae were recovered by vigorously 
shaking the plants over an insect collecting net (a closely woven 
muslin bag 15 inches in diameter) as the net was moved through 
a 25-foot row of celery plants within each replicated plot. 
Larvae collected in this manner were classified according to 
their approximate instars. Inasmuch as some of the chemicals 
were less toxic to the more mature larvae, the data were tabu- 
lated in two categories: first- to fifth-instar larvae, and third- to 
fifth-instar larvae only. 

Resutts.—Although the field containing the test plots had 
been previously treated on September 8 with a combination of 
DDT and toxaphene, the looper infestation, which consisted 
mainly of immature larvae, was high at the beginning of the 
present test (October 7). The check population showed 85% of 
the loopers to be in the first and second instars when the counts 
were made on the third day following treatment; 82% in these 
instars after 7 days; and 83% after 14 days. Because of the con- 
tinuous oviposition by the cabbage looper adults during this 
period, it was necessary to treat the field again the third week 
following the application of the test materials in order to save 
the celery crop. 

The looper counts showed varying degrees of favorable con- 
trol for 6 of the 10 test materials (table 1). Two factors favored 
a high level of control. The plants were sufficiently small to be 
adequately covered with insecticides and the looper population 
consisted predominantly of early instar larvae. Several of the 
chemicals gave somewhat poorer results in a previous experi- 
ment (unpublished 1957) because both plants and loopers were 
more mature at the time of application. 

The two dust combinations, malathion+Perthane® (1,1-di- 
chloro-2,2-bis(p-ethylphenyl)ethane) and DDT-+toxaphene 
+sulfur, yielded the highest control. The larval counts showed 
that these treatments were effective against all instars for at 
least 14 days. The inclusion of sulfur in the DDT-toxaphene 
mixture was incidental since this mixture was not available with- 
out sulfur at the time of the test. 

Thiodan® (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro- 
6,9-methano-2,4,3-benzodioxathiepin-3-oxide), B. thuringiensis, 
parathion, and Phosdrin® (1-methoxycarbonyl-1-propen-2-yl 
dimethyl phosphate, 60% technical) dusts were on a somewhat 
lower plateau of control. Parathion and Phosdrin produced the 
highest reduction in larvae in the earlier counts, but the toxicity 
of Thiodan and B. thuringiensis dusts apparently persisted for a 


longer period. The B. thurgingiensis dust compared favorably 
with the malathion+ Perthane and DDT-+toxaphene dust com- 
binations in effectiveness against the third- to fifth-instar larvae. 
The relatively high counts of first- and second-instar larvae in 
the Bacillus plots do not necessarily indicate a resistance to the 
bacterial by these instars, but more likely to their limited feeding 
on the lower leaf surfaces where the application of the spores was 
inadequate. B. thuringiensis applied as a spray did not approach 
the level of control attained when it was applied as a dust. The 
reason for failure was attributed to differences in plant coverage 
since the spore count was the same for the two formulations. 
Hall & Andres (1959) also reported the superiority of dust over 
spray formulations of B. thuringiensis spores. 

The cabbage looper was continuously destructive up to the 
harvest of celery in this area and the need for preharvest control 
introduces residue problems. The absence of toxicity to plants 
and mammals by B. thuringiensis (Steinhaus 1957) strongly sug- 
gests a potential usage of this organism for looper control on 
celery. Other workers (Tanada 1956, Hall & Andres, 1959) have 
reported partial or effective control with B. thuringiensis against 
the cabbage looper on broccoli, cabbage, and cauliflower. In the 
case of the cabbage looper on celery, additional investigation 
with the Bacillus is necessary to determine the most effective 
dosage and methods of application. The possible use of B. thu- 
ringiensis in combination with a chemical insecticide also needs 
investigating because the selectivity of the pathogen may not be 
adequate for the control of other insect pests, especially sucking 
insects, on celery. 
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Polybutenes—a New Control for 
Phytophagous Mites* 


R. W. Fisuer, Entomology Laboratory, Research Branch, 
Canada Department of Agriculture, Vineland Station, Ontario 


The increasing difficulty of controlling phytophagous mites 
by chemical means stresses the need of finding new approaches 
and of re-examining control principles that were discarded with 
the appearance of powerful chemical acaricides. This note de- 
scribes the use of a polybutene to kill mites by mechanical 
means, somewhat similar to the use of bill-posters’ paste by 
Hutson (1936). 

A number of Indopol Polybutenes? varying in viscosity from 
40 to 20,500 S.S.U. at 210° F. were examined for acaricidal 
properties against the two-spotted spider mite, Tetranychus 
telarius (L.), on several greenhouse crops. Indopol H-1500 
(viscosity 15,000 sec.) a very sticky, light amber material, 
showed remarkable promise for trapping active stages. One 
hundred ml. of this polybutene, 100 ml. water, and 3 ml. Emulsi- 
fier G-3300° were emulsified with an electric stirrer. This stock 
was diluted with water to give a 5% emulsion. When sprayed 
onto foliage heavily infested with mites, the polybutene was de- 
posited as minute sticky spheres in the webbing and as sticky 
flattened droplets on exposed leaf. Motile forms of the mite were 
immobilized at once. Eggs hit by the spray were killed; those 
protected by the webbing hatched, but the larvae were trapped 
and killed by the droplets as soon as they began to move about 
the web. As the polybutenes are nonvolatile and insoluble in 
water, they should have a long residual action. 

Melon plants growing on wires in a greenhouse and heavily 
webbed by a massive infestation of mites were sprayed with 5% 
polybutene emulsion. Control of the mites was complete by the 
time all the eggs had hatched, and subsequent plant growth was 
free of mites. Excellent control of the mite was also given by the 
same treatment on rose, honeysuckle, peach seedlings, and other 
plants in the greenhouse. 

Spraying of uninfested plants with emulsions of Indopol H-1500 
also prevented or delayed subsequent infestations by the two- 
spotted spider mite. Halves of lima bean leaves were sprayed with 


Fig. 1.—-Lima bean plant 7 days after half of each leaf had been 

sprayed with 5% polybutene emulsion and the unsprayed half 

infested with two-spotted spider mite. Injury causes infested 
halves to appear paler. 
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the emulsions and the other halves protected from the spray; 
the untreated halves were then heavily infested with active 
mites of all stages. A 5% emulsion allowed no invasion of the 
treated area at 7 days and only a very small marginal invasion 
at 11 days (fig. 1). A 3% emulsion allowed a small marginal in- 
vasion at 7 days, which increased to about 25% of the treated 
area at 11 days. A 1% emulsion offered little resistance, the 
treated area being 50% infested at 7 days and 95% at 11 days. 
The mites eventually entered the areas treated with the 3% and 
5% emulsions by spinning webbing over the surface, and became 
established in patches, presumably where the spray deposit was 
least. Halves of leaves, sprayed with the emulsifier only, became 
quickly and uniformly infested. 

No phytotoxicity resulted from any of the treatments, even on 
young, succulent growth. 
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A Note on the Persistence of Phosdrin’ 


Davip E. Dontry, Entomologist, Central States Forest 
Experiment Station, U. S. Forest Service 


How long does Phosdrin® (1-methoxycarbonyl-1-propen-2-y] 
dimethyl phosphate, 60% technical), or a plant metabolite of 
Phosdrin, remain toxic to insects in the leaves of a deciduous 
tree? A recent study conducted at the Central States Forest 
Experiment Station in Columbus, Ohio, revealed the toxic period 
to be 2 to 3 days. 

Meruops.—Twenty-five larvae of the orange-striped oak- 
worm Anisota senatoria (J. E. Smith) were placed on each of 24 
pin oak Quercus palustris (Muenchh.) saplings (13 to 2 inches in 
diameter and 8 to 10 feet tall) and allowed to migrate to the 
foliage. Three days later the insecticide was applied directly to 
the bark of these trees with a pipette. No attempt was made to 
“ring” the tree, but care was taken to prevent the insecticide 
from running off. The bioassay organisms were a laboratory cul- 
ture of daphnids Daphnia pulexr (De Geer) and field-collected 
larvae of the orange-striped oakworm. Treatments consisted of 
four replications of 0.5-ml., 1-ml., and 2-ml. doses of technical 
Phosdrin placed directly on the tree trunks. Observations were 
made twice daily following treatment: at 8:00 a.m. and at 
4:00 P.M. 

During each morning observation four 5-gram, green-weight 
foliage samples were taken from each tree. Each sample was 
placed in 20 ml. of distilled water and blended for 5 minutes in 
a Waring blendor. Next, the sample was centrifuged for 5 min- 
utes, filtered and the filtrate divided into two 10-ml. portions. 
Ten daphnids were placed in each of the 10-ml. portions and 
mortality recorded. 

For each observation at 24-hour intervals following treatment 
1,920 daphnids and 600 oakworms were used for determining the 
toxicity of the leaf samples. 

Resutts.—24 Hours After Treatment.—Daphnid reactions to 
the 1-ml. and 2-ml. treatments compared favorably with a one- 
part-in-five-million of technical Phosdrin in distilled water; re- 
actions to the 0.5-ml treatment compared favorably with a one- 
part-in-ten-million solution of technical material in water. All 
the oakworm larvae appeared “normal” and were active with 
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the exception of two that fell from a 0,5-ml.-treatment tree and 
three that fell from two untreated trees. 

48 Hours After Treatment.—A bioassay with daphnids revealed 
toxicity comparable with a one-part-in-ten-million for the 1-ml. 
and 2-ml. treatments; no differences were evident between the 
0.5-ml. treatments and the check trees. Some oakworm mor- 
tality was observed (table 1). 


Table 1.—Mortality of oakworm larvae 48 hours and 72 
hours after treatment with Phosdrin. 








NuMBER OF LARVAE 


Not 
Recovered 





Dose (ML.) Dead 


48 hours after treatment 
0.5 28 68 + 
1 44 56 0 
g 58 42 0 
Check 13 281 6 
72 hours after treatment 

95 5 

97 3 

97 3 

15 14 


Living 





72 Hours After Treatment.—The daphnid reactions showed 
differences between untreated and treated trees. Oakworm kill 
appeared to be complete (table 1). 

Further Observations.—Bioassay with daphnids continued for 
3 days after the oakworms had died or dropped from the treated 
trees, but no toxicant was detected. Of the 300 oakworms on the 
untreated check trees, 223 of the larvae continued feeding and 
pupated. 

Throughout the test no evidence appeared of damage to the 
foliage, but the treated trunk area became dotted with small 
spots of dead bark, 1 to 1.5 cm. in diameter. These spots were 
more common near the point of application. 

From the experiment it would appear that Phosdrin or its 
metabolites persist in leaf tissue of pin oaks for a period of more 
than 48 but less than 72 hours following a trunk application of 
the technical material. There is also a lag of at least 24 hours in 
the mortality of orange-striped oakworm larvae, when compared 
with daphnids. 


Evaluation of Damage to Cotton Caused by 
Low-Clearance General-Purpose Tractor in 
Applying Insecticides! 

W. J. Misrric, Jr., North Carolina State College, Raleigh 


Entomological research has provided the cotton grower with 
basic information on the proper selection and most economical 
usage of insecticides and spraying and dusting equipment. How- 
ever, less attention has been given to the means by which appli- 
cation equipment is propelled over the field. Specialized equip- 
ment is preferred on large acreages of rank cotton. Such equip- 
ment includes the airplane, high-clearance self-propelled duster 
or sprayer, and high-clearance general-purpose tractor equipped 
with fenders. Although the means of propulsion are many and 
varied, economics should be considered in the selection of equip- 
ment for a particular area. 

Without specialized equipment, growers have a tendency to 
compare the expected damage from the use of available equip- 
ment with the expected increase in yield from the use of in- 
secticides. Many growers in North Carolina are reluctant to 
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treat rank cotton, even when insect control is greatly needed, 
because of the expected severe injury to the crop by ordinary 
equipment. This factor appeared to have been a contributory 
cause of a loss of approximately 65% of the cotton crop to the 
late brood of bollworm (Heliothis zea (Boddie)) in the Central 
Coastal Plain during 1955. 

Theoretically, it is possible to show that the damage inflicted 
by ordinary machinery has been overemphasized in relation to 
the benefits that may be expected from chemical control of 
severe insect infestations. However, no field data on this subject 
are available. 

Damage to rank cotton caused by a low-clearance general- 
purpose tractor in applying insecticides for control of a severe 
boll weevil (Anthonomus grandis Boh.) infestation was evaluated 
in 1956. The results reported herein were obtained on a typical 
small farm in Robeson County, North Carolina. 

Matertats AND Mernops.—The experiment consisted of 
nine replicates. Each replicate consisted of 2 tractor rows and 
10 boom rows and covered } acre. Three replicates were dusted 
with 2% dieldrin-5% DDT, three with 2}% methyl parathion- 
5% DDT, and three with 2% Guthion® (0,0-dimethyl S-(4 
oxo-3H-1,2,3-benzotriazine-3-methyl) _phosphorodithioate)-5% 
DDT. Adjacent outside check plots, each 12 rows wide, covering 
} acre, were maintained on two opposite sides of the test field, 

Commercially available machinery was used. A 6-row duster 
was mounted on the rear of a 4-wheel tractor and operated from 
a 10-inch pulley on the power takeoff. The boom was used 4 
inches above the tops of the plants, with one nozzle directly over 
each 42-inch row. The tractor straddled a single row, with the 
main body of the tractor directly over the cotton plants. The 
tractor was not equipped with protective shields. Ground clear- 
ance of the tractor on a level surface was 13 inches. The tractor 
was driven at approximately 5 m.p.h. over rows 3 and 10 of 
each replicate in the same direction throughout the test. 

The test field was planted to Coker 100W cotton on April 18 
and fertilized and cultivated in accordance with recommended 
practices. Rainfall was well distributed throughout the growing 
season. On July 11, boll weevils of the first generation had pune- 
tured 70% of the squares. Eleven applications of dust, at an 
average rate of 21.3 pounds per acre and an average interval of 
3.3 days, were made from July 11 to August 15. 

Infestation records were taken at weekly intervals from the six 
center rows of each dusted replicate and check plot. Average 
plant height was 4.5 feet. Foliage was interlaced between rows, 
but there was no lodging. Squaring ended in all plots about 
August 10. Yield records were taken from tractor rows, six 
center boom rows of each dusted replicate, and six center rows 
of each check plot. The cotton was harvested on September 12 
and October 16 without the aid of chemical defoliation. 

Resutts.—The average square infestation of dusted replicates 
was 61%, while the average infestation of check plots was 98%. 
The average number of adult weevils per 100 squares in dusted 
replicates was 7.5, while the average number of weevils in check 
plots was 18.9. Infestations of other pests were negligible 
throughout the season. 

Yields in pounds of seed cotton per acre were as follows: 
adjacent outside check 898, tractor rows, 1,172, and boom rows 
1,438. An analysis of tractor rows vs. boom rows showed that 
the following yield differences were required for significance: al 
the 5% level 148, and at the 1% level 232. 

The tractor rows produced 266 pounds of seed cotton per acre 
less than the boom rows and 274 pounds more than did untreated 
rows. The tractor rows comprised one-sixth of the total treated 
area. The yield increase resulting from the use of insecticides 
was thus reduced by 49% on the rows that the tractor straddled 
and 8% over the entire treated area. The loss of seed cotton 
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which could be attributed directly to the use of the tractor is 
applying insecticides amounted to 44 pounds per acre. 

The average yield from the entire treated area was 1,394 
pounds of seed cotton per acre, which was 496 pounds more 
than from the untreated area. The actual increase in yield re- 
sulting from the use of the equipment and insecticides described 
herein amounted to 55%, whereas, if the tractor had not dam- 
aged the crop, the increase would have been 60%. 





Effects of Physical Properties of Derris Dusts 
on Their Toxicity to the Mexican 
Bean Beetle’ 


F. H. Harrtes, Entomology Research Division, 
Agric. Res. Serv., U.S.D.A. 


One of the problems in controlling the Mexican bean beetle 
(Epilachna varivestis Muls.) with derris dusts has been the varia- 
tion in effectiveness of dusts from different sources. To obtain a 
better understanding of the reasons for this variation, tests were 
conducted at Columbus, Ohio in 1943 to determine the effects of 
different properties of derris dusts on their toxicity to the beetle. 
Earlier tests had shown that their toxicity to the pea aphid 
(Macrosiphum pisi (Harr.)) did not increase with the derris con- 
tent but did increase with the greater fineness of grinding of the 
derris root and with the decrease in particle size of the diluent 
(Harries 1956). 

Four samples of derris root of different rotenone content were 
each ground to three degrees of fineness and diluted to a strength 
of 1% of rotenone with pyrophyllite of four degrees of fineness. 
The 48 dusts were compared in a 4X3 X¢4 factorial experiment 
to study the effects of differences in each of the major factors 
and their possible interaction effects. Eight replicates were 
made. Greenhouse plants in the large two-leaf stage were trans- 
planted into No. 2 tin cans, treated with insecticides under a 
bell-jar duster (Harries 1943), infested with 10 third-instar 
larvae, and covered with cylindrical screen cages with cellulose 
acetate tops to admit as much light as possible. The cages were 
then placed on a table under fluorescent lights at 80° F. and 
50% relative humidity. After 3 days the numbers of dead and 
moribund larvae were recorded and the leaf area eaten was 
estimated by placing a transparent grid over the leaves and 
counting the squares where more than half the area was con- 
sumed. The particle size of the derris samples and the pyro- 
phyllite was determined as surface-mean diameter with an air 
permeation apparatus (Gooden & Smith 1940). 

The data are summarized in table 1. Both the larval mortality 
and the leaf area eaten show highly significant effects of the per- 
centage and particle size of the derris root and the particle size 
of the diluent. The dust with the highest percentage of derris 
root was significantly less toxic than dusts with less root. Also, 
the derris samples of 6 and 7 microns were significantly more 
toxic than the 9-micron sample. There was a decrease in toxicity 
with increase in particle size of the pyrophyllite, and the 3- 
micron diluent produced a significantly more toxic dust than 
any of the coarser ones. 

Presumably, greater fineness of milling of the derris root could 
affect the toxicity by more thorough breaking down of the plant 
structure to expose the contained rotenone and/or by increasing 
the number of particles and surface area of the root encountered 
by the insects. If the latter effect were the more important, the 
toxicity could also be expected to increase with the derris con- 
tent of the dust. Since there was no such indication in the data, 
the breakdown of the plant structure appears to be the more 

important effect. The highly significant interaction between 
fineness of grinding and the percentage of ground root shows 
that derris of low rotenone content was most improved by finer 
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Table 1.—Effects of the derris content and the particle 
sizes of the derris and pyrophyllite on the toxicity of 1% 
rotenone dusts to the Mexican bean beetle. 








Lear AREA 
EATEN 
(sQ. cM.) 


Per Cent 
Mortality 


PROPERTY oF LARVAE 





Derris content (per cent) 

8.6 74 36 
11.1 79 29 
15.4 79 30 
25.6 68 46 

L.S.D. at 5% level 9 


Particle size of derris (microns) 
6 
7 
9 
L.S.D. at 5% level 


Particle size of pyrophyllite (microns) 


L.S.D. at 5% level 





milling. Similar results were obtained in tests of the same dusts 
against the pea aphid (Harries 1956). 
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Effectiveness of Three Organophosphorous 
Compounds against Larvae of the Painted 
Lady in Alfalfa’ 


GrorcE D. Peterson, Jr., University of California 
Agricultural Extension Service, El Centro 


Migrations of the painted lady or thistle butterfly, Vanessa 
cardui (L.), occur at irregular intervals in southern California 
(Abbott 1941, 1946, 1950, Sudgen et al. 1947, Woodbury et al. 
1942). A heavy migration of V. cardui took place during the 
winter of 1958. 

Painted lady larvae feed on a variety of species in the genera 
Malva L., Arctium L., Lupinus L., Urtica L., and species in the 
Cynoreae (thistle) tribe. The larvae are frequently a pest on 
ornamentals, especially chrysanthemum and hollyhock, and they 
are sometimes found on oak trees where they rarely, if ever, 
cause damage. When populations occur in large numbers they 
may attack globe artichoke (=genus Cynora), beans, sunflower, 
prune trees, lettuce, cotton, and okra. 

During February and March 1958, painted lady larvae were 
extremely abundant in alfalfa fields in the Imperial Valley, where 
they were feeding principally upon cheeseweed, a wild mallow 
(Malva parviflora L.). In many instances, the caterpillars com- 
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pletely defoliated the mallow plants and began feeding on the 
alfalfa, where the larval populations were extremely heavy. In 
only a few cases, however, did the larvae cause damage of eco- 
nomic importance to the alfalfa. This occurrence of large 
numbers of painted lady larvae in alfalfa fields provided an op- 
portunity to test the effectiveness of three organophosphorous 
insecticides against this sporadic pest. 

In general, the larval infestations were not uniform in the 
alfalfa because the mallow grew in scattered areas. In one case 
a 30-acre field of newly seeded alfalfa was heavily infested with 
mallow, and painted lady larvae occurred quite uniformly 
throughout the field. On March 3, 1958, parathion, Phosdrin®, 
(1-methoxycarbonyl-1-propen-2-yl dimethyl phosphate, 60% 
technical), and Dylox® (0,0-dimethyl 2,2,2-trichloro-1-hydroxy- 
ethylphosphonate) sprays were applied by aircraft to the alfalfa 
field. Each material was applied at the rate of 4 ounces of toxi- 
cant per acre. Two replicates were made of each treatment, and 
each replicate was 90 feet wide and 1,225 feet long. Each com- 
pound was applied using 5 gallons of spray liquid per acre. The 
alfalfa was about 12 to 15 inches tall. 


Table 1.—Effect of parathion, Phosdrin, and Dylox sprays 
applied by aircraft for control of painted lady larvae in alfalfa 
in the Imperial Valley, California, on March 3, 1958.* 





2 Days 


Per Cent 
Mortality 


Total Per Cent 
Larvae Mortality 
Parathion 502 { 99 
Phosdrin 408 97 
Dylox 1227 73 
Untreated 6003 - 3367° — 


Total 
Materia? Larvae 
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® Number of larvae and per cent mortality based on 200 net sweeps at indi- 
cated intervals following treatment. 

b Four ounces of active ingredient applied in 5 gallons of water per acre. 

© Reduction in larval population was due to pupation. 


The effect of the chemicals was evaluated 2 and 5 days after 
application by sampling with a standard insect sweep-net. Five- 
sweep samples were made at 20 locations in each replicate, or a 
total of 40 5-sweep samples per treatment. Each sweep described 
an 180° are in the alfalfa. The data are summarized in table 1. 

Two days after application parathion, Phosdrin, and Dylox 
gave 92, 93, and 79% mortality of the painted lady larvae, re- 
spectively, in comparison with the untreated plots. Five days 
after application the respective mortalities obtained with these 
materials were 99, 97, and 73%. The data show that parathion 
and Phosdrin gave satisfactory control of Vanessa cardui larvae. 
On the other hand, Dylox applied at 4 ounces per acre failed to 
give satisfactory control. For successful results somewhat higher 
dosages of this latter material are indicated. 

At the time of application most of the caterpillars were of 
medium to large size, a range representative of late third, fourth, 
and early fifth instar larvae. When the second sample was taken, 
5 days after application, it was observed that many of the older 
larvae remaining in the treated plots had fallen or crawled from 
the plants and pupated, or attempted to pupate. However, a 
very high percentage of these pupae were dead and had begun to 
decompose. In the untreated plots large numbers of larvae had 
successfully pupated, and the pupae reacted with vigorous move- 
ments when probed with a pencil. This pupation accounts for 
the decrease in larval populations in the untreated plots when 
the latter were sampled 5 days after application. 
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Inositol: An Indispensable Dietary Requirement 
for the Boll Weevil’ 


Erma $8. VANDERZANT, Entomology Research Division, 
Agric. Res. Serv., U.S.D.A., in cooperation with the 
Texas Agricultural Experiment Station? 


In previous rearing studies (Vanderzant & Davich 1958) it was 
found that the boll weevil (Anthonomus grandis Boh.) did not 
grow on a purified diet containing casein as the protein but de- 
veloped if casein was replaced by soybean protein, Drackett 
assay C-1, or if the casein diet was supplemented with yeast 
extract or brewer's yeast. These yeast preparations gave growth 
that varied with different batches. Inositol was suspected as the 
growth factor missing in the casein, since soybean protein and 
yeast contain small amounts of it. A purified diet then was de- 
vised that was satisfactory for growth of the weevil to the adult 
stage. This diet also permitted the determination of the quantita- 
tive nutritional requirements for myo-inositol, designated simply 
as inositol, since none of the other eight isomers are known to 
have any significant biological activity. The composition of the 
diet was as follows: 


Constituent Grams 


Casein, vitamin-free (Nutritional Biochemicals Corp.) 5.0 
L-Cysteine- HCl id 
Sucrose 5.0 
Corn oi] (Mazola) 25 
Cholesterol 05 
Salts, Wesson’s 0 
Choline chloride BD 
Inositol a 
Sodium alginate (Kelcosol) 6 
Agar (Difco Bacto granules) 3.0 
Milligrams 
Zinc acetate dihydrate 5 
Cobalt chloride hexahydrate 
Sodium molybdate dihydrate 
Niacinamide 

Calcium pantothenate 
Thiamine: HCl 

Riboflavin 

Pyridoxine: HC] 

Folic acid 

Biotin 

Vitamin By» 


SO rw wire: 
SEAS =4 


2M potassium hydroxide to pH 6.5 
Water to 100 grams 


The preparation of the diet and eggs and the rearing conditions 
were essentially the same as described previously (Vanderzant & 


1 Accepted for publication June 2, 1959. : 
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Davich 1958). Aseptic conditions were used throughout these 
studies. Eggs were obtained from the 15th and 16th generations 
of Mexican weevils reared from egg to adult on artificial diets 
and fed squares as adults. 

Development on the casein diet with various amounts of 
inositol is shown in table 1. In the absence of inositol, the larvae 
died in the first instar or soon after the first molt. No pupae or 
weevils were reared on a diet containing less than 1 mg. of ino- 
sitol per 100 grams. Growth was slow at concentrations of 1 to 
5 mg. A concentration of 7.5 mg. appeared to be sufficient, be- 
cause the weights, rates of development, and yields were not 
improved by increasing amounts of inositol up to 100 mg. per 
100 grams of diet. 


Table 1.—Development of the boll weevil on a casein 
diet with various concentrations of myo-inositol. 
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0.1 61 
0.5 39 
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Twenty adults with an average weight of 5.3 mg. also were 
reared on a modification of the amino acid diet that was de- 
veloped for the pink bollworm (Vanderzant 1957). Inositol was 
added and corn oil was omitted from this diet. No growth was 
obtained without the inositol. Preliminary results indicate that 
the larvae also can use combined forms of inositol. When calcium 
phytate and acetone-insoluble soybean phosphatides were sub- 
stituted for inositol, good growth was obtained. 

An absolute dietary requirement for inositol has not yet been 
demonstrated for any animal, although a beneficial effect on 
growth has been reported for several insects and vertebrates. 
Fraenkel & Blewett (1943) showed that the beetles Tribolium 
confusum Duv. and Ptinus tectus Boieldieu grew better when the 
diet contained inositol. The growth of Ephestia kuehniella 
Zeller also appeared to be improved by inositol (Fraenkel & 
Blewett 1947). Forgash (1958) found that inositol was necessary 
for the maturation of the American cockroach (Periplaneta 
americana L.). Under certain dietary conditions several verte- 
brates show a need for inositol (Lardy 1954). In all these studies 
synthesis of inositol by either the animal or its symbiotes was 
not ruled out. 

Under aseptic conditions inositol has been shown to be an in- 
dispensable nutrient for the boll weevil and the amounts needed 
lie in the same range as those of the water-soluble vitamins. 
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An Electrically Operated Micro Dispenser’ 


JEROME BrezNner,? Department of Entomology, 
University of Missouri, Columbia 


A number of devices for accurate delivery of small quantities 
of insecticide have been described in the past. Most of these 
dispensing mechanisms are modifications of the micrometer- 
controlled syringe of Trevan (1922). By use of a ratchet system 
attached to the micrometer, the investigator need not refer con- 
stantly to the vernier scale, as delivery of a constant volume is 
assured by a proper stop setting. However, manual operation is 
still required. 

A dispensing device which permits operation without manual 
activation is described below. Al) the operator need do is position 
the insect beneath the delivery needle and press a foot switch. 
Both hands are left free and attention can be focused on the 


1 Contribution from Missouri Agricultural Experiment Station, Journal 
Series No. 2008. Approved by Director. Accepted for publication June 8, 
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2 Address: Department of Zoology, Elmira College, Elmira, New York, 
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Fig. 1.—Wiring diagram of the electrical micro dispenser. The 
sections within the dotted lines represent optional accessory 
modifications (see text for full descriptions). 
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Fig. 2. 


subject. This device may be an asset to the toxicologist who 
must work alone and requires speed of operation. The basic 
mechanism of this dispenser is a synchronous motor operated 
through a timer which rotates a micrometer for a pre-set 
number of seconds. Total cost for all parts exclusive of the timer 
was about $6. The timer cost varies from 10 to 25 dollars for a 
new timer, or less for a used one. 

The equipment consists of a 1} r.p.m. synchronous motor, a 
110 volt AC continuous duty solenoid and a resetting photo- 
graphic timer. The timer is actuated through a foot switch which 
allows motor rotation for a selected time interval. 

Figure | illustrates a wiring diagram of the delivery apparatus. 
The solenoid and potentiometer are accessories which may be 
added at the discretion of the operator. The solenoid is wired in 
parallel with the motor and is actuated with it. As soon as the 
current is switched off by the timer, the solenoid plunger is re- 
leased and instantaneously brakes the motor. A potentiometer 
may be used to vary the speed of the motor, if desired. The 
power rating and resistance value of the potentiometer are de- 
pendent on the size of the motor, in this case four watts and 
1,000 ohms, respectively. 

The dispenser is illustrated in figure 2. Note that the solenoid 
is placed above the motor flywheel. Gravity carries the plunger 
downward against the flywheel as soon as the current is switched 
off. A 4-inch diameter rubber wheel is fixed to the motor drive- 
shaft. A }-inch diameter extension shaft, 6 inches long, with 
1-inch diameter wheels at both ends, transmits motor rotation 
to the micrometer handle. The purpose of the extension shaft is 
to allow clearance for the micrometer handle. Thus by the use of 
a larger diameter driveshaft wheel or by employing a motor with 
an offset shaft, micrometer clearance is accomplished. Any in- 
crease in output speed resulting from a larger driveshaft wheel 
may be compensated for by a proper potentiometer setting. Both 
the micrometer handle and extension shaft are friction driven 
although geared unit modifications may be used in place of the 
friction drive. The unit’s housing and desk clamps will depend 
on conditions encountered in individual laboratories. 

The timer may be any one of several photographic resetting 
timers currently on the market. Some units are factory equipped 
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Overall view of the electrically operated micro dispenser. Micrometer (left), motor and solenoid above (center), timer (right). 


with foot switch outlets, while in others a simple wiring addition 
to the manual switch is required. 

The micrometer and syringe are calibrated in the usual manner 
with either water or mercury. Note is made of the number of 
divisions of the vernier scale required to deliver the desired dose. 
The timer is then adjusted so that this number of divisions is 
exactly rotated by the motor. From this point, all that is neces- 
sary is actuation of the timer by the foot switch. 

It was found that for a 1-microliter dose, 0.005 inch of the 
micrometer travel was required. Delivery error from 100 trial 
doses was less than 0.005% per dose, or 1 microliter +.005. 

A list of materials appears below. All electronic parts may be 
procured from Burstein-Applebee Co., Kansas City, Mo. Prices 
apply to these items as found in their latest catalog. Resetting 
photographic timers may be obtained from any photographic 
outlet. One timer, manufactured by the Heath Company, 
Benton Harbor, Michigan, comes in kit form. This timer is com- 
pletely electronic with no moving parts. The cost of this timer 
is considerably below that of factory-made models. Accessories, 
such as wires, plugs, and outlets, may be obtained locally from 
specialty stores. 

Cost 
$1.95 

2.48 

1.12 


Quantity Item 
1 Motor, synchronous, 1} r.p.m., 110 VAC. 

Solenoid, 110 VAC, continuous duty 

Potentiometer, 1,000 ohms @ 4 watts 

Extension shaft, 6 inch, } inch diameter with 
bearing 48 

Flexible couplers (use as 1 inch wheels) 96 

Foot switch (home or factory made) variable 

Resetting photographic timer variable 
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Millipede Injury to Potatoes‘ 


B. J. Lanpis and C, W. GetzenpANER, Entomology Research 
Division, Agric. Res. Serv., U.S.D.A? 


The millipede Blaniulus guttulatus Bosc. was first observed in a 
garden at Union Gap, Wash., in 1943 and has been found since 
at various places in central Washington, where it attacks irri- 
gated crops. Injury is frequently confused with that caused by 
flea beetle larvae and wireworms. The millipede is particularly 
annoying as a contaminant in fresh produce. 

B. guttulatus was introduced into the United States from 
Europe many years ago and is present in all parts of the country 
that have a long cultivation history (Chamberlin 1921). In 
Europe it infests beans, cabbage, cucumber, peas, potatoes, 
strawberry, sugar beet (Rolfe, 1937), carnation (C. J. G. 1914), 
chrysanthemum, onions, tomato (Anonymous 1934), corn 
(Uvarov 1914), garlic, hyacinth, pumpkin, rape, tulip, turnip, 
wheat (Anonymous 1914), gourd (Chamberlin 1921), grape 
(Poisson 1925), hop (Theobald 1914), lettuce (Schroyen 1914), 
mushrooms (Austin 1933), and rutabaga (Pape 1941). 

B. guttulatus appears to be the most common millipede pest of 
potatoes in Europe and the northwestern part of the United 
States. Rolfe (1937) reported that, of 130 cases of millipede 
damage recorded in England and Wales from 1923 to 1936, 65 
referred definitely to guttwatus. Blunck (1933) stated that many 
crops of potatoes in Schleswig-Holstein were destroyed in 1932 
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by millipedes, including guttulatus. Wilson (1943) found that, 
although guttulatus is usually a secondary pest found in soil rich 
in organic matter, when abundant it will feed on the skin of soft- 
skinned varieties of potatoes, and the injuries facilitate the in- 
vasion of bacteria and fungi. MacLeod (1935), working with 
another species, Diploiulus londinensis var. caeruleocinctus 
Wood, in New York, reported that there was less injury to the 
Russett Burbank than smooth-skinned varieties. 

These two millipedes are very similar in appearance. Each is 
about 15 mm. in length, 1 mm. in width, and has from 55 to 
75 pairs of legs. However, guttulatus is lighter brown with white 
legs and has about 35 prominent dark reddish-brown, ovate 
spots on each side of the body (fig. 1), whereas caeruleocinctus 
has a mottled brown body. 

B. guttulatus was observed infesting the remnants of old 
potato seed pieces in a garden at Union Gap in April 1943, and 
tubers of the new crop harvested from a shaded part of the 
garden were found infested in July. Light injury to tubers was 
observed nearly every year in gardens or heavily composted 
fields in various parts of eastern Washington. It was unusually 
abundant in 1949 when it was found infesting carrots, lily bulbst 
potatoes, and tomato fruit that touched the ground. In 1952 i, 


1 Accepted for publication June 8, 1959. 
2 In cooperation with the State Potato Commission, Experiment Stations, 
and Department of Agriculture of the State of Washington. 


Fic .1.—The millipede, Blaniulus guttulatus Bosc., infesting a potato tuber that overwintered in the 
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was found infesting asparagus roots, and a few individuals had 
tunneled into the basal portion of the spears, which were later 
harvested. In 1959 it was collected from soil in a greenhouse 
bench. 

Millipedes have been observed overwintering in potato tubers 
and other decayed vegetables, where from 50 to several hundred 
sometimes occurred together in a gently roiling mass. They sel- 
dom appear on the soil surface, since they require a humid en- 
vironment. The millipede is probably the most important pest 
of potato seed pieces in gardens and commercial fields during 
cool, wet springs. 

B. guttulatus makes cylindrical, clear-cut tunnels 1.5 to 2 mm. 
in diameter in potato tubers or seed pieces. The tunnels are bored 
in a straight line and may be as much as 3.8 em. long. They 
retain a fresh appearance, and little discolored scar tissue is 
formed, whereas tunnels produced by flea beetle larvae are soon 
bordered with a thick layer of tough, dark brown scar tissue, and 
wireworm tunnels are usually black on the inside because of 
granular black frass. 

In a control experiment in 1945 freshly cut Russet Burbank 
seed pieces were dipped in a paste made of DDT or phenothiazine 
mixed with flour and water. All the plants made some growth, 
and on May 30 they were carefully lifted and the seed pieces and 
the soil around the root masses were examined. From 32 to 37% 
of the seed pieces had been infested with millipedes, irrespective 
of treatment. However, in the soil adhering to the roots, there 
were 14 living millipedes per hill following treatment with paste 
containing 0.4% of DDT as compared with 27 for flour alone. In 
the DDT plots 66% of the millipedes were dead. Only 16 living 
millipedes were found following treatment with a flour paste con- 
taining 4% of a commercial phenothiazine preparation. 

In 1947 BHC, at the rate of 1 pound of the gamma isomer per 
acre, was thoroughly mixed in the soil in one section of the garden 
before the potatoes were planted. No millipede injury was ob- 
served at harvest-time, although slight injury was observed in 
untreated soil. However, in 1948 millipedes were again abundant 
in the part of the garden that had received the BHC treatment. 
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Field Observations of Increasing Resistance 
of Cattle to Cattle Grubs* 


F. W. Knapp, J. R. Breruour, T. L. Harvey, and C. C. Roan? 
Kansas State University, Manhattan 


The use of systemic insecticides to control cattle grubs, Hy)o- 
derma spp., for the past several years has resulted in data that 
suggest the possibility of immunity or resistance of cattle to 
cattle grubs. Cattle, treated for grubs one season, appear to have 
fewer grubs the following season with no further treatment. 

It is common knowledge among livestock men that bovine 
calves and yearlings harbor more cattle grubs than older animals, 
Peter & Gaehtgens (1934) reported that cattle more than 5 years 
of age were observed to be free from grubs. Hadwen & Fulton 
(1924) reported that a natural resistance to cattle grub invasion 
increases with the age of the animal. Scharff (1950) reported that 
Tretsven (1943), in an unpublished report, experimented with 
calves exposed to heel flies for two seasons, and found a decreased 
number of grubs the second season. Tretsven attributed this to 
a naturally acquired immunity. Scharff also reported that natural 
resistance of cattle to grubs varies widely and that in some 
heavily infested herds there will be individuals present that are 
free from grubs. On 53 animals observed, Scharff reported aver- 
age natural grub mortality amounted to 35%. In four other herds 
observed, he reported natural grub mortality to range from 19 
to 73%. 

Since there are indications that there is natural resistance or 
immunity built up against cattle grubs, it seems probable that 
when all the grubs in an animal are killed, there should be an 
even greater antibody production causing a greater resistance or 
immunity. 

With this in mind, two experiments were conducted at Hays, 
Kansas to determine if grubs killed in the backs of animals pro- 
duced resistance to future infestation. 

The first experiment was conducted on 86 Hereford steer 
valves acquired in October from New Mexico. In November of 
1956, 41 were bolused with Trolene®, (0,0-dimethyl O(2,4,5-tri- 
chlorophenyl) phosphorothioate, formerly designated Dow ET- 
57) and 45 were used as untreated controls. All had grubs in the 
back at the time of treatment. The.average number of live grubs 
per head during the winter of 1956-57, based on accumulative 
counts, was 3.5 for the treated; 21.4 for the untreated controls. 
These same steer calves were held over through the next year 
with no further treatment. The previously treated steers the 
following winter (1957-58) had an average of 0.9 grub per head 
as compared with 3.3 grubs per head for the untreated controls. 

The second experiment was conducted on 82 Hereford steer 
calves, acquired in October from the same place as the calves in 
experiment one. Dowco 109 (O-(4-tertiary butyl-2 chloropheny]), 
O-methyl methyl phosphoramidothioate) was used during 
November of 1957. Twenty-eight calves were sprayed, 28 were 
bolused, and 26 were used as controls. Again all calves had grubs 
in the back at the time of treating. The average number of grubs 
per head found on the sprayed animals after treatment during 
the winter of 1957-58, was 3.8; the average found in bolused 
animals after treatment was 1.8 grubs per head and in untreated 
animals, 41.4. One year following (1958-59), with no further 
treatment, the previously bolused animals had an average of 9.3 
grubs per head and the previously sprayed animals, 12.8 com- 
pared with 16.4 for the untreated animals. The possibility of the 
spray not killing as many grubs in the animals’ backs may ex- 


1 Contribution No. 741, Department of Entomology, Kansas Agricultural 
Experiment Station, Manhattan, Kansas; and Contribution No. 142, Ft. Hays 
Branch, Hays, Kansas. Accepted for publication June 8, 1959. 

2 Assistant in entomology, Kansas State University, Manhattan; Animal 
Husbandman, and Assistant Entomologist, Fort Hays Branch, Kansas Agri- 
cultural Experiment Station, Hays; and Entomologist, Kansas State University, 
Manhattan, respectively. 

Gratitude is expressed to Stuart Ratcliff for his generous help with this study. 
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plain the higher grub count on the sprayed animals the following 


year. 
The seasonal difference in rate of infestation of the control 


animals is probably the result of the adult heel fly population 
density, 7.e., the population density of the adult fly is greater in 
New Mexico than in Kansas. Consequently, the data on the 
average number of grubs on the untreated control steers for the 
first season are not comparable with those found the following 
year. 

These observations made on-animals treated one season and 
observed the following season indicate an increased resistance 
to the grubs by the animals. The amount of resistance seems to 
be the result of the number of grubs in the host body at the time 
of treatment. Thus, for an animal having a high number of grubs 
killed in its body, indications are that the animal would have 
fewer or no grubs the following year. Also, an animal having 
few grubs killed in its body could be expected to have the same 
or a larger number of grubs the following year. Some animals, 
depending on the degree of infestation, may need two or more 
seasonal treatments before an increased resistance to grubs is 
shown. 

Studies of this nature are still under way on Hereford steer 
calves that have had 99% of the grubs killed during the winter 
of 1958-59. These steers will be available for further grub counts 
during 1959-60. 


REFERENCES CITED 


Hadwen, S., and J. S. Fulton. 1924. The migration of Hy- 
poderma lineatum from the skin to the gullet. Para- 
sitology 16: 98-106. 

Peter, B., and W. Gaehtgens. 1934. Ueber dem serologischen 
Nachweis der Dassellarveninfektion beim Rind und 
beim Menschen. Zentralbl. Bakt. Abt. I. Orig. 132(1- 
2): 81-90. 

Scharff, D. K. 1950. Cattle Grubs—Their Biologies, Their 
Distribution and Experiments in Their Control. 
Montana State College Agric. Expt. Sta. Bull. 471. 


Effect of Alfalfa Variety on the Biology of the 
Spotted Alfalfa Aphid in Arizona’ 


M. W. Nietson and W. E. Curtr, Entomology Research 
Division, Agric. Res. Serv., U.S.D.A2 


The release of Lahontan and Moapa alfalfa for commercial use 
in western United States has necessitated a study of the biology 
of the spotted alfalfa aphid (Therioaphis maculata (Buckton)) 
on these varieties. Both are resistant to the aphid, but Lahontan, 
a winter-dormant type, is recommended for cold areas and 
Moapa, a nondormant type, for areas in the Southwest. In 1957 
the senior author observed damage to seedlings of these varieties 
in Arizona under heavy aphid populations in the field, from 25 
to 42% of the Lahontan plants and 23 to 44% of Moapa being 
killed. Under the same conditions, however, stands of other 
varieties—Chilean 21-5, New Mexico 11-1, Pilca Butta, Cali- 
verde, Gactula, California Common, Saladena, Peru Alkali 
Resistant, Hairy Peruvian, DuPuits, and Indian—were com- 
pletely killed. 

The adverse effect of different plants on the biology of insects 
has been summarized by Painter (1951, 1958), who classified it 
as antibiosis or one of the mechanisms of resistance. Harvey & 
Hackerott (1956) observed that seedling plants of alfalfa 
varieties affected the survival and reproduction of the spotted 
alfalfa aphid. Dobson & Watts (1957) reported fewer aphids on 
certain alfalfa varieties, and Howe & Smith (1957) found a high 
mortality of aphid nymphs on resistant varieties. 
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Several life history studies on the spotted alfalfa aphid have 
already been reported. Dickson et al. (1955) gave an account of 
the aphid’s life history in California, but did not mention the 
variety of host alfalfa. In Israel, Harpaz (1955) stated that no 
significant difference in the life history was found between two 
varieties of clover and one of alfalfa. Nielson & Barnes (1957) 
used Chilean 21-5 in their study in Arizona. The aphid’s biology 
in Kansas on different species of legumes was reported by Peters 
& Painter (1958). 

At Mesa, Arizona, lath-house studies were made in 1958 to 
compare the effects of two resistant (Lahontan and Moapa) and 
two susceptible (Chilean 21-5 and African) varieties of alfalfa 
on the life history, fecundity, and longevity of this aphid. All 
plants were infested with aphids in the unifoliolate stage on 
June 4, and the study was terminated on July 8 when they were 
approximately 18 inches tall. 

Life histories were determined by placing a single apterous 
female on 10 plants of each variety grown singly in 5-inch pots 
and determining the length of each instar of the progeny from 
daily observations. Results of this study are shown in table 1. 
The aphid required about 6} days to complete its life cycle on 
Chilean 21-5 and African, and 1 and 2 days longer on Moapa and 
Lahontan, respectively. The extended period of nymphal de- 
velopment on resistant varieties generally conforms with results 
obtained by Dahms (1948) on the chinch bug and Harrington 
(1941) on the pea aphid. On the susceptible varieties the first 
three instars were of about the same length. On Lahontan, how- 
ever, the time increased with each instar except the fourth, but 
on Moapa it was somewhat variable. Much higher percentages 
of nymphs developed into adults on Chilean 21-5 and African 
than on Moapa and Lahontan. Fewer adults survived and pro- 
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Table 1.—Effect of alfalfa variety on the length of the dif- 
ferent instars of the spotted alfalfa aphid and the percentage 
completing each instar, June 4—July 1, 1958. 
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Table 2.—Effect of alfalfa variety on longevity of adult 
spotted alfalfa aphids, the per cent that reproduced, and the 
number of progeny per day, June 4-July 1, 1958. 





Per CENT 
or ApuLts NUMBER OF 
THAT PROGENY 
Propucep PER ADULT 
PROGENY PER Day 


AVERAGE 
LONGEVITY 
(Days) 


NUMBER 
or ADULTS 


VARIETY 
Chilean 21-5 43 13.4 37 
African 55 12. 33 
Moapa 89 13. 10 
Lahontan 103 13. 8 





duced young on Lahontan and Moapa, as indicated by the 
number of adults tested in comparison with Chilean 21-5 and 
African. Nymphal mortality was very high on Lahontan but 
light on Chilean 21-5, 

For the studies on fecundity and adult longevity other series 
of 10 plants of each variety were used, but a single fourth-instar 
nymph was placed on each plant. Observations were begun as 
soon as nymphs developed into adults. As shown in table 2, 
adult longevity was nearly the same, about 2 weeks, on all varie- 
ties tested. The number of progeny per adult per day was 1} 
times as great on Chilean 21-5 as on Lahontan. The percentages 
of adults that produced progeny were significantly higher on 
Chilean 21-5 and African than on Moapa and Lahontan. 


REFERENCES CITED 


Dahms, R. G. 1948. Effect of different varieties and ages of 
sorghum on the biology of the chinch bug. Jour. 
Agric. Res. 76: 271-88. 

Dickson, R. C., E. F. Laird, Jr., and G. R. Pesho. 1955. 
The spotted alfalfa aphid (yellow clover aphid on 
alfalfa). Hilgardia 24(5): 93-118. 

Dobson, R. C., and J. G. Watts. 1957. Spotted alfalfa aphid 
occurrence on seedling alfalfa as influenced by sys- 
temic insecticides and varieties. Jour. Econ. Ent. 
50: 132-5. 

Harpaz, I. 1955. Bionomics of Therioaphis maculata (Buck- 
ton) in Israel. Jour. Econ, Ent. 48: 668-71. 

Harrington, C. D. 1941. Influence of aphid resistance in peas 
upon aphid development, reproduction and longevity. 
Jour. Agric. Res. 62: 461-6. 

Harvey, T. L., and H. L. Hackerott. 1956. Apparent resist- 
ance to the spotted alfalfa aphid selected from seed- 
lings of susceptible alfalfa varieties. Jour. Econ. Ent. 
49: 289-91. 

Howe, W. L., and O. F. Smith. 1957. 
spotted alfalfa aphid in Lahontan alfalfa. Jour. Econ. 
Ent. 50: 320-4. 

Nielson, M. W., and O. L. Barnes. 1957. Life history and 
abundance of the spotted alfalfa aphid in Arizona. 
Jour. Econ. Ent. 50: 805-7. 

Painter, R. H. 1951. Insect resistance in crop plants. 520 pp. 
Macmillan Co., New York. 

Painter, R. H. 1958. Resistance of plants to insects. Ann. 
Rev. Ent. 4: 267-90. 

Peters, Don C., and R. H. Painter. 1958. Studies on the 
biologies of three related legume aphids in relation to 
their host plants. Kans. Agric. Expt. Sta. Tech, Bull. 
93, 44 pp. 


Resistance to the 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 52, No. § 


A Modified Pollen Trap for 
Honey Bee Hives’ 


WiiuiaM P. Nye,? Entomology Research Division, 
Agric. Res. Serv., U.S.D.A# 


In pollen-identification studies conducted at Logan, Utah, 
samples in the pollen trap often got wet during storms and had 
to be discarded. Traps similar to the one described by Todd & 
Bishop (1940) and Scullen (1943) were used until 1949, when a 
modified trap was tested and found to be superior. Other traps 
described by Schaefer & Farrar (1941) and Killion (1945) were 
less adaptable to our needs. In the modified trap the vertical 
screen grid made of 5-mesh hardware cloth was located under. 
neath the hive near the entrance. As the bees worked their way 
through the screen barrier, the pollen pellets were knocked off 
their legs and fell into a tray below. The pollen samples were col- 
lected by removing the tray from either the front or the side 
near the entrance. 

The location of the tray near the front of the hive exposed the 
pollen to frequent dampening by rain or dew. A wooden shade 
board was improvised to protect the pollen pellets in the tray, 
but it was not satisfactory. A prototype of the trap herein de- 
scribed was tested during the 1949 and 1950 seasons, and none 
of the many samples of pollen collected by it were affected by 
excess moisture. Many of the pollen samples collected at the 
same time with the older traps were lost. Several of the improved 
traps, with further modifications, were constructed as illustrated 
in figure 1. 

The double screen grid, mounted in a metal channel to permit 
its removal, was located beneath the middle of the hive instead of 
the front. The floor in the entrance to the trap was sloped toward 
the front of the hive so that water would not run into the tray. 

The tray was made slightly smaller than the slot in the side 
of the trap assembly to allow for expansion during stormy 
weather. A piece of spring metal 1 inch wide and 3 inches long 
was fastened to the bottom of the tray to hold it firmly in place. 
A piece of quarter round was fastened to the side of the trap just 
above the tray to direct water from it. In addition, a saw cut 
was made just back of the front panel of the tray and parallel 
to it to prevent any water getting past the quarter round from 
running into the tray. Large holes for ventilation were cut in 
the sides of the trap just back of the tray and covered with hard- 
ware cloth. A screened false floor was placed back of the tray for 


! Accepted for publication. June 15, 1959. 
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Fig. 2—Illustration of pollen trap. 





£. No. § 


in, Utah, 
; and had 
r Todd & 
», whena 
her traps 
145) were 
» vertical 
d under. 
heir way 
eked off 
were col- 
the side 


osed the 
on shade 
he tray, 
‘rein de- 
nd none 
cted by 
1 at the 
nproved 
istrated 


) permit 
stead of 
toward 
le tray. 
he side 
stormy 
es long 
1 place. 
‘ap just 
aw cut 
parallel 
d from 
cut in 
1 hard- 
ray for 


October 1959 


16 3/au 


ScrentiIFICc NoTEs 














3/8" me {al channel 
1 








15 3/ Re 





Clean out door 














a \ 
—- — —-¢ eee — ed - 
al | t 
a“ 1 
a... a 
audnick 








ae 
5 


Ji 


Fig. 1.—Drawing of new pollen trap showing quarter round above tray to keep out rain, and 
clean out door opposite tray, and removable grid screen. 


better ventilation. This false floor also tends to prevent the bees 
from building comb in the deep space beneath the combs. 

The most important feature of the new trap is the protection 
of the pollen from moisture. It also permits removal of the pollen 
tray from the side of the hive without disturbing the bees that 
cluster at the entrance in warm weather (fig. 2). The screen grid, 
which slopes toward the rear of the hive, is 4 inches wide instead 
of the usual 2 inches. This extra grid surface provides more rapid 
passage of the bees and minimizes their clustering at the entrance 
thus permitting better ventilation of the hive. 
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Purple Scale Parasite Found in Florida’ 


D. W. Cuancy, Entomology Research Division, Agric. Res. Serv., 
U.S.D.A., and Martin H. Muma, University of Florida 
Citrus Experiment Station, Lake Alfred 


Purple scale, Lepidosaphes beckii (Newm.), is the most im- 
portant scale insect on citrus in Florida, being found in nearly 


every grove throughout the State. Although the scale is attacked 
by several species of parasites, predators, and entomogenous 
fungi, natural control is generally inadequate (Muma 1955). 

In June 1958 emergence holes of an unidentified parasitic wasp 
were observed in mature female purple scales on leaves from an 
unsprayed citrus grove near Fort Pierce, Fla. (Muma & Clancy 
1959). Microscopic examination of living and recently killed 
scales revealed the presence of eggs, larvae, and pupae of a small 
golden chalcid. Reared adults from this and subsequent collec- 
tions in other groves were identified as Aphytis lepidosaphes 
Compere.? This parasite was introduced into California from 
China in 1948-49 (Flanders 1950), and was later sent to Texas 
and Mexico, but there is no record of its introduction into 
Florida. 

A, lepidosaphes has been found to occur practically throughout 
peninsular Florida from Monticello in the extreme north to the 
Homestead area south of Miami, even in isolated plantings far 
removed from the main citrus areas. It was reared from samples 
from 37 of 50 properties during July and August, and from 50 
of 51 scale samples collected between September 4 and November 
10, 1958. These were mostly unsprayed groves, but the parasite 
also occurs commonly in sprayed groves. Parasitization of adult 
females, the preferred host stage, has ranged from 0 to 56.3% 
with an average of 24.6%. The abundance and widespread dis- 
tribution of this parasite indicate that it has probably been 
present in Florida for some time, but how and when it was intro- 
duced is not known. Its apparent rapid increase following a very 
severe winter is also an enigma. 

A. lepidosaphes is an external parasite which lays its eggs on 
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either the dorsal or ventral surface of the scale body, usually the 
latter. Special studies revealed that of the scales containing this 
parasite 94.8% were adult females, 4.9% were males, and 0.3% 
were second-instar females. Although young adult females are 
apparently preferred as hosts, older females in various stages of 
egg laying are also attacked. The translucent, ovate parasite 
eggs adhere lightly to the scale body, which seems to be un- 
harmed by the ovipositing parasite. Two or more eggs are often 
found clumped together, indicating deposition by a single fe- 
male, and the same scale may be attacked by more than one 
parasite, as shown by the presence of different stages. However, 
52.2% of the parasitized adult females examined had only one 
parasite, 43.3% had two parasites, 4.1% three parasites, 0.3% 
four parasites, and 0.1% (1 scale) had five parasites. In cases of 
gregarious parasitism all adults issue through a single hole in the 
scale armor cut by the first individual. Host size apparently de- 
termines the number that can develop, as males and second- 
instar females rarely produce more than a single adult parasite. 

The larvae of lepidosaphes are nearly circular in outline, 
slightly flattened, and white to pale pinkish in color. Pupae are 
clear yellow to amber, with distinct red eyes, and the active 
adults are bright lemon yellow. Of 2,676 adult parasites reared 
and examined thus far, 58.6% were females and 41.4% were males. 
In California (Flanders 1950) the life cycle is approximately 15 
days, and there are about two parasite generations to each scale 
generation. 

In Florida males and second-instar females are parasitized by 
Aspidiotiphagus lousnburyi (B. & P.), A. citrinus (Craw.), and 
Prospaltella aurantii (How.), but these species seldom attack 
adult females. The addition of lepidosaphes to the parasite com- 
plex therefore fills an important gap and should result in more 
effective natural control of purple scale. Studies are being con- 
tinued to determine the importance of this parasite in relation 
to other scale enemies. 

In a survey of citrus plantings along the Gulf Coast in Novem- 
ber 1958, lepidosaphes was reared abundantly from purple scale 
on Satsuma orange leaves collected near Magnolia, Port Sulfur, 
and Buras in the delta area south of New Orleans, La. Dead 
scales showing parasite emergence holes were also numerous, as 
in Florida. This is apparently another new state record with un- 
known source of introduction. However, there was no evidence 
of the parasite in several Satsuma plantings near Silverhill and 
Fairhope, Ala., and it has not yet been recorded from Mississippi, 
Alabama, or northwestern Florida. 
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Control of Resistant Spider Mites on 
Greenhouse Roses! 


E. A. Taytor, T. J. HENNEBeERRY, and F. F. Smita 
Entomology Research Division, Agric. Res. Serv., U.S.D.A. 


One of the major problems on greenhouse roses is the resistance 
of the two-spotted spider mite (Tetranychus telarius (L.)) to 
acaricides. Many growers have resorted to frequent applications 
of various mixtures or syringing the plants with water to obtain 
control of this pest. Experiments were conducted at Beltsville, 
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Maryland, to compare the effectiveness of various acaricides 
against a highly resistant strain of this spider mite. In 1958 ex- 
perimental applications were made also in a commercial green- 
house in New Jersey. 

EXPERIMENTS AT BELTSVILLE.—Two experiments were con- 
ducted on four beds of 3-year-old roses. Each bed was divided 
into 4 plots—2 plots consisting of 16 plants each of the variety 
Better Times; 1 plot of 18 plants of Cavalier; and 1 plot of 4 
plants each of Talisman and Snow White, 8 each of Briarcliff, 
and Golden Rapture. The plots were set up in a latin-square de- 
sign consisting of four treatments each. 

The plants were infested with a strain of spider mites that has 
had a high resistance to all the organic-phosphorous insecticides, 
Aramite® (2-(p-tert-butylphenoxy)-1-methylethyl 2-chloroethy| 
sulfiite), and Kelthane® (1,1-bis(p-chlorophenyl)-2,2,2-trichloro- 
ethanol). Previous tests have indicated that a buildup of this 
strain has been prevented only with weekly applications of a 
spray containing Aramite plus schradan. 

In the first experiment the following wettable powders were 
used in 100 gallons of water: 1 pound of 50% ovex, 2 pounds of 
25% Tedion® (2,4,4',5-tetrachlorodiphenyl sulfone, 80% tech- 
nical), 2 pounds of 25% Tedion plus 2 pounds of 15% Aramite, 
and the same quantitity of Aramite in a 1—1,000 dilution of 
schradan. All sprays contained one-half pint of Santomerse 
(alkyl aryl sulfonates) as a wetting agent. They were applied with 
a 2-gallon hand sprayer at 60 pounds pressure, and the nozzle 
was directed to give thorough coverage of the lower leaf surface. 
Eight weekly applications were made, the first on December 23, 
1957, and the last on February 10, 1958. 

Each week counts were made of all living forms on 10 disks, 
9/16 inch in diameter, taken at random from leaves showing any 
feeding damage. The results (table 1) indicate that Aramite plus 
Tedion or schradan controlled this strain, whereas ovex and 
Tedion alone were relatively ineffective. 

During the third week of February the rose plants were cut 
back to force new growth from the main canes. This pruning re- 
moved practically all the old foliage. Spider mites were trans- 
ferred to the new growth of each plant and allowed to become 
established before the second experiment was begun on March 
26. The treatments were the same as in the first experiment ex- 
cept that 2 pounds of 15% Aramite plus a 1-1,000 demeton was 
substituted for the ovex. 
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Table 1.—Control of resistant two-spotted spider mites on 
greenhouse roses. Beltsville, Maryland. 
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Mite counts were made on April 23 and weekly through May 
99. The plants sprayed with Aramite plus Tedion or schradan had 
significantly fewer mites than those sprayed with Aramite plus 
demeton or Tedion alone (table 1). Most of the spider mite injury 
on the plants treated with the last two mixtures was confined to 
the areas that showed injury before the sprays were applied, but 
injury was evident over most of the new growth of plants re- 
ceiving Tedion or Aramite plus demeton. 

Spray injury was evident in plots treated with the Aramite- 
schradan combination about 2 weeks after the first application in 
both experiments and after 4 weeks in the Aramite-demeton plots 
of the second experiment. This injury was confined mostly to 
the lower leaves, which developed chlorotic and dark green 
areas, and later died. The plants in these plots were almost de- 
void of lower foliage in 6 to 8 weeks. 

No obvious spray injury of lower foliage occurred in plots 
treated with Tedion, ovex, or Aramite-Tedion. Lack of injury 
from the Aramite-Tedion treatment indicated that either the 
schradan or the demeton in the combination or their interactions 
with Aramite caused the phytotoxic effect. To determine the 
effect of this injury upon flower production, yield data were ob- 
tained in all plots in the second experiment during April and 
May. The mean numbers of flowers per plant were as follows: 
Tedion 4.8, Aramite-schradan 4.6, Aramite-demeton 5.3, and 
Aramite-Tedion 6.0. 

Although the plants treated with Aramite-schradan had the 
fewest flowers, this combination was as effective as Aramite- 
Tedion for controlling spider mites. The loss in yield may be due 
to the phytotoxic effect on the plants. Subsequent preliminary 
observations indicated that Aramite, Tedion, or a combination 
of these materials will cause yellowing of foliage and leaf drop to 
the White Butterfly variety of roses. 

EXPERIMENTS IN CoMMERCTAL GREENHOUSE.—Further tests 
of Aramite and Tedion were conducted against a resistant strain 
of spider mites on commercial roses at Cranbury, New Jersey. 
This strain was first established as resistant to organic-phos- 
phorus compounds in 1949 (Smith & Fulton 1951), and the strain 
on the Beltsville greenhouse roses is a segregate of this Cranbury 
strain collected in 1949. Since control of this strain has not been 
obtained on roses at this establishment with any acaricide, the 
grower had resorted to frequent syringing with water. 

On February 14, 1958, a randomized-block design was set up 
consisting of four treatments replicated three times. Each plot 
consisted of one bed of roses 150 feet long. The plants of two 
replicates were of Better Times and one was of Golden Rapture 
variety. 

A factorial arrangement of treatments was as follows: Syringed, 
Aramite, Tedion, and Aramite plus Tedion. Aramite (15%) and 
Tedion (25%) wettable powders were used at 1 pound each in 
100 gallons of water. All sprays contained one-half pint of 
Santomerse-S as a wetting agent. They were applied with a 
greenhouse sprayer at approximately 150 pounds pressure, ex- 
cept the syringed treatment, which was frequently hosed with 
water through a special nozzle. 

Spider mite populations were estimated on April 2 and May 9, 
about 3 weeks after a series of three weekly applications made in 
February and March and repeated in April. Ten disk samples 


Table 2.—Control of resistant two-spotted spider mites on 
commercial greenhouse roses. 





NuMBER OF MITES PER PLoT 
TREATMENT April 2 May 9 Mean 


Syringed with water 399 449 429 
Aramite 120 263 192 
Tedion 4 62 68 
Aramite plus Tedion 0 130 65 


——— 
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were taken at random from leaves showing mite feeding. Most of 
the lower leaves were gone from plants in the plots that were 
syringed with water, but the plants of the other treatments were 
still holding most of the lower leaves. 

As shown in table 2, the Aramite-Tedion combination had 
greatly reduced spider mite populations on April 2. The largest 
number of mites found on May 9 were in the replicate of Golden 
Rapture that had very dense foliage. These high populations 
may have been due to inadequate spray coverage, since the feed- 
ing injury was confined to lower leaves in small isolated areas of 
the plots. 

None of the treatments had any apparent toxic effect upon the 
tolerant varieties of plants, but the syringing caused premature 
defoliation of the lower leaves. The Aramite-Tedion spray com- 
bination has now been used for a full year on the roses in all 
greenhouses at Cranbury. The only varieties injured were Garnet 
and Carol Amling by the Aramite component and White Butter- 
fly by Tedion. 


REFERENCE CrrEeD 
Smith, Floyd F., and R. A. Fulton. 1951. Two-spotted spider 


mite resistant to aerosols. Jour. Econ. Ent. 44(2): 
229-33. 


Toxic Effects of Boron Trioxide against Imma- 
ture Stages of Aedes aegypti, Anopheles quad- 
rimaculatus, and Culex quinquefasciatus' 


R. W. Fay? 


In 1928, Matheson and Hinman, using commercial borax solu- 
tion and Culex pipiens L. and Aedes vexans (Meig.) as the test 
species, found that 1.5 grams of borax per liter of water prevented 
development of larvae for an observation period of 6 weeks. 

To determine the immediate toxic effects of boron trioxide 
solutions against immature mosquitoes, laboratory evaluations 
were made with eggs, first-, second-, and third-instar larvae, and 
pupae of Aedes aegypti, Anopheles quadrimaculatus Say, and Culex 
quinquefasciatus Say. A test concentrate (30,000 p.p.m.) was 
prepared using 30 grams per liter of metaboric acid (BO; - HO) 
[Fisher Catalogue #A-76, Boric Acid, fused (approximately 
metaborie acid) Powder Purified], and aliquots of this con- 
centrate were diluted with tap water to obtain the test solutions. 

Oviposition, HarcHinG, AND First-INstar LARVAE.—Aedes 
aegypti females laid eggs that hatched after more than 72 hours 
in a test solution having 8,000 p.p.m. metaboric acid. Oviposi- 
tion tests with A. quadrimaculatus or C. quinquefasciatus adults 
did not provide conclusive results. 

Using eggs previously laid in plain tap water, successful hatch- 
ing was observed with all three species in test solutions of 2,000, 
4,000, and 8,000 p.p.m. metaboric acid. Within 24 hours com- 
plete mortality of newly hatched C. quinquefasciatus larvae 
occurred in all three concentrations, of A. aegypti in the 4,000 
and 8,000 p.p.m. solutions, and of A. quadrimaculatus in the 
8,000 p.p.m. solution. At 48 hours only A. quadrimaculatus 
larvae persisted in the 2,000 p.p.m. test solution. No mortality 
was encountered in check larvae. 

Seconp- AND Tuirp-Instar Larvae.—In tests with second- 
instar larvae, metaboric acid solutions proved most effective 
against A. quadrimaculatus (table 1). In initial tests with third- 
instar larvae, the results of 24-hour exposures to various meta- 
boric acid solutions, expressed as combined per cent of dead and 
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Table 1.—Per cent dead and moribund* second-instar 
Anopheles quadrimaculatus, Aedes aegypti and Culex 
quinquefasciatus larvae with 24- and 48-hour exposures to 
various metaboric acid (B,O;-H.O) solutions. 
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Table 3.—Per cent dead and moribund* third-instar 4. 
quadrimaculatus, A. aegypti, and C. quinquefasciatus larvae 
with 24- and 48-hour exposures to various metaboric acid 
(B.0; -H2O) solutions. 








aegypti quinquefasciatus 


quadrimaculatus 
B.O,-H.O 48- 24- 
(p.p.m.) 24-Hr. Hr. 
0 0 0 
100 56 (24) 92 
500 100 100 20 (52) 
1,000 0 
1,500 $ «696 (4) 
2,000 
2,500 100 100 
3,000 ; 100 
+ 000 100 100 


48-Hr. 48-Hr. 


12 (48) 4 
76 (4) 


84 (16) 100 





® Figures in parentheses indicate moribund larvae. 


moribund larvae, again showed approximately the same relative 
susceptibilities of the three species (table 2). Further tests with 
third-instar larvae involving 48-hour exposures and separate con- 
sideration of the dead and the moribund larvae are shown in 
table 3. Comparison of these data with table 1 indicated general 
agreement on species susceptibility but showed third-instar 
larvae were less susceptible than second-instar larvae. 

To evaluate the possible effects of organic matter in reducing 
the toxic effects of metaboric acid on mosquito larvae, test 
preparations were made using 100 grams of humus per liter of 
solution and metaboric acid concentrations that produced com- 
plete mortality of third-instar larvae for each species. No reduc- 
tion in the toxic effects of the metaboric acid was shown. 

Pupar.—Pupae, less than 1 day old, were held in solutions con- 
taining 1,500 to 16,000 p.p.m. metaboric acid. Results (table 4) 
indicate that the pupae are much less affected by the metaboric 
acid. In the pupal stage Aedes aegypti appears as the least sus- 
ceptible species, and Anopheles quadrimaculatus remains the 
most susceptible species. 

In addition to evaluations for 24- or 48-hour periods, the ef- 
fects of prolonged exposures were made by rearing newly hatched 
larvae in various concentrations of metaboric acid and deter- 
mining the number of adults that successfully emerged. Concen- 
trations of 10, 25, 50, and 100 p.p.m. metaboric acid produced no 
significant reduction in adult production of A. aegypti or C. quin- 
quefasciatus when compared with control larvae. At 250 p.p.m. 
metaboric acid, however, only 1% of the A. aegypti and 38% 
of the C. quinquefasciatus reached the adult stage. A. quadri- 


Table 2.—Per cent dead and moribund third-instar larvae 
of Anopheles quadrimaculatus, Aedes aegypti, and Culex 
quinquefasciatus after 24-hour exposure in various met- 
aboric acid solutions. 








B,O;-H,0 
(p.p.m.) 


uadrimaculatus aegy ptt 
q g! 


quinquefasciatus 
250 39 
500 44 
750 57 
1,000 75 
1,500 95 
2,000 96 
2,500 - 
3,000 
3,500 
4,000 
5,000 
10,000 





quinque- 
fasciatus 


quadri- 
maculatus aegy pti 


B.O,-H.O 24- 24- 48- 
Hr. Hr. 


(p.p.m.) 48-Hr. Hr. 
0 0 

100 0 

500 24 (32) 
1,000 
1,500 
2,000 
2,500 100 
3,000 - 8 (76) 88(12) 
4,000 - . — 32 


0 (12) 


4 (40) 
20 (40) 


52 (48) 





“ Figures in parentheses indicate percentage moribund larvae. 


Table 4.—Percentage of pupae of Anopheles quadrimacu- 
latus, Aedes aegypti, and Culex quinquefasciatus that failed 
to produce adults when held in various metaboric acid solu- 
tions. 

B,O;-H,O 

(p.p.m.) 


1,500 36 16 32 
2,000 44 32 60 
3,000 64 75 76 
4,000 77 48 88 
6,000 100 61 96 
8 , 000 100 76 88 
12,000 100 96 100 
16,000 100 100 100 





quadrimaculatus aegy pti quinquefasciatus 





maculatus was again more susceptible, since 50 p.p.m. metaboric 
acid allowed only 2% of the larvae to reach the adult stage. At 5, 
10, and 25 p.p.m. metaboric acid had no effect against the 
species. 
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Ronnel Sprays for Systemic Control of 
Cattle Grubs' 


R. O. Drummonp and Bossy Moore, Entomology Research 
Division, Agric. Res. Serv., U.S.D.A. 


In addition to using ronnel as oral or subcutaneous treatments 
for the systemic control of cattle grubs, Roth & Eddy (1957) 
applied sprays onto the backs of cattle visibly infested with 
grubs. They found that 2.5% sprays gave complete kill, but con- 
trol was 50% or less at 1% concentrations. Brundrett et al. (1957) 
found that cattle sprayed with a 1% emulsion or suspension be- 
fore the grubs emerged had fewer grubs than untreated animals. 
The significance of the reduction was questionable. Only partial 
(36%) control of grubs was afforded by complete cover of 1 
gallon of 0.75% or top-line spray of 2 quarts of a 1.5% spray 
(Howell et al. 1958). 

Sprays containing 2.5% of ronnel can be applied to cattle 
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without poisoning (Radeleff, unpublished). Because lower con- 
centrations were partially effective and such a high concentra- 
tion had not been used as a systemic treatment for grubs, a small 
number of cattle were treated at the Kerrville, Texas, laboratory 
with 2.5% sprays. The results of this test and subsequent tests 
with single or multiple treatments with lower concentrations 
are reported in this paper. 

SinGLE TREATMENT.—In the fall of 1957 Hereford calves were 
purchased from a ranch in South Dakota. Cattle from this area 
had been used in previous tests (McGregor & Bushland 1957, 
Graham 1958) and were uniformly and heavily infested with 
both the common cattle grub (Hypoderma lineatum (DeVill.)) 
and the northern cattle grub (H. bovis (L.)). 

On November 13 four animals were sprayed with a 2.5% 
suspension of the purified grade (Trolene) of ronnel from a 25% 
wettable powder at a dosage of 1} gallons per animal with a 
power sprayer operating at a pressure of approximately 100 
pounds per square inch. The cattle had a winter coat of long, 
heavy hair, and the operator held the nozzle about 1 foot from 
the animals to drive the insecticide onto the skin. 

The treated and 20 untreated cattle were examined for grubs 
five times from January through April 1958. As grubs encysted 
they were located on maps of the back of each animal, and the 
total number for each animal noted. No grubs appeared in the 
backs of the cattle treated with ronnel. All the untreated cattle 
were infested and had an average of 36.3 grubs per animal. 

On May 16 a group of 29 two-year-old Hereford heifers on a 
ranch near Mountain Home, Texas, was sprayed with a 1.75% 
suspension of technical ronnel (Korlan) from a 25% wettable 
powder at a dosage of 1 gallon per animal with a power sprayer 
operating at a pressure of 250 pounds per square inch. The ani- 
mals were in short summer hair, and appeared to be thoroughly 
wetted with the spray. 

The 29 treated and 38 untreated cattle were checked twice dur- 
ing the period of grub emergence. At the first examination 
(October 8) only a few cattle were infested; treated animals had 
an average of 2.2 and untreated animals only 1.6 grubs. At the 
second examination (December 17) all treated and untreated 
cattle were infested; treated cattle averaged 4.0 and untreated 
10.7 grubs per animal. Thus, the treatment was only partially 
effective (68%). 

MuttipLE TREATMENT.—Because these single treatments 
afforded some measure of grub control, in 1958 a test was con- 
ducted to determine the effectiveness of the same total amount 
of insecticide applied at lower concentrations at several intervals. 

A herd of Hereford cattle was divided into four groups—three 
groups sprayed with ronnel (Korlan), one each at 0.25%, 0.5%, 
and 0.75%, and the fourth with toxaphene at 0.5%. Treatments 
were started on May 6, and all animals were resprayed whenever 
necessary for control of the horn fly (Siphona irritans (L.)) or the 
lone star tick (Ambylomma americanum (L.)). Suspensions were 
applied on May 6and 27 and July 24, and an emulsion on June 
25. Each animal received 1 gallon of spray applied at a pressure 
of 250 pounds per square inch. 

The cattle were examined for grubs five times at monthly in- 
tervals from September through January. No grubs were found 
in September and only a few in October. Cumulative counts 
were made of grubs in each animal. As shown in table 1, no grubs 
appeared in the backs of animals treated four times with 0.75%. 
One or more of the animals in each of the other groups was free 
of grubs, but there was little difference in average numbers of 
grubs per animal. 

The large difference between the 0.5% and 0.75% treatments 
is difficult to explain because of the small number of cattle per 
treatment. Further studies are necessary to substantiate the 
validity of the 100% control observed for the 0.75% treatment, 
and they may show less striking differences between the two 
concentrations. Spacing and numbers of treatments should be 
correlated with the concentrations in order to obtain control of 
grubs in a program for control of other livestock pests. 
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Table 1.—Cattle grubs in backs of cattle after four appli- 
cations of ronnel sprays, 1958. 








NUMBER OF 
GRuBsS PER Per CENT 
ANIMAL CONTROL 


NUMBER OF CATTLE 


Treated 





CONCEN- 


TRATION Infested 





0.75 15 0 100 

5 15 13 Z 7 

.25 8 7 5. 14 
Untreated 14 10 : — 
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Improved Holders for Spray Deposit 
Assessment Cards’ 


BoupaNn MaxsymiuK, Beltsville Forest Insect Laboratory, 
Forest Service, U.S.D.A. 


Dyed cards are commonly used to assess the distribution and 
atomization of aerial sprays. The usefulness of these cards in 
the field is often destroyed by the accumulation of standing 
water in bent cards, curling or fading of cards exposed to ground 
moisture, animal damage, and other factors. 

Several years ago a wire holder was developed to hold spray 
cards above the ground to prevent some of the above damage. 
This holder was difficult to construct and did not hold the spray 
cards firmly. Therefore, it was not adopted for field use. 

This paper describes how to make an improved card holder. It 
is more efficient in design and is much easier to construct than 
the former holder. This holder has proven practical and effective 
under a wide range of conditions on actual spray projects. About 
150 card holders can be made per man hour in the field without 
elaborate equipment. 


Sreps ror Making Wire Carp Howpers: 

1. Cut off the heads of 3 nails. Drive them firmly into a plank 
(or stump) approximately 3 inches apart forming an equi- 
lateral triangle. 

2. Cut 12-gauge galvanized wire in 40-inch pieces. 

3. Make a loop on the end of each wire with pliers. 

4. Attach this loop to one nail and bend the wire around the 
outside of all three nails making two complete turns (Fig. 1, 
A &B). 

5. Bend the remaining straight piece of wire perpendicular to 
ihe triangles formed in step 4. 

3. Remove the card holder from the nails. Superimpose the 
bottom triangle on the top one and twist the two triangles 
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in opposite directions until they form a star. This will give 
the holder the tension needed to hold the inserted spray 
card. 

. Bend the center wire (Fig. 1, C & D) into the triangles to 
raise the middle of the spray card, thus preventing the 
accumulation of standing water on the card. 


Field trials have indicated that the expense of making card 
holders is more than offset by the following advantages: (a) no 
accumulation of standing water on the cards; (b) no curling and 
less fading of the cards owing to ground moisture and dew; (c) 
ease with which cards can be spotted and recovered in the field; 
and (d) decreased animal damage. 

Wire holders can be inserted into the trunk or branches of a 
tree to assess the penetration of spray through the tree crown. 
They also can be used to sample spray drift into lakes and ponds 
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Wire holder for spray assessment card. (A, B, C) steps for making, and (D) holder in use. (Photo by H. W. White.) 


by attaching the bases of the wire holders to anchored wooden 
floats. 


Musca autumnalis in the Central States' 


Curtis W. Sasrosky, Entomology Research Division, 
Agric. Res. Serv., U.S.D.A. 


A second species of Musca, M. autumnalis DeGeer, has been 
found at a number of places in the Northeast since its discovery 
in 1952, including Nova Scotia, Prince Edward Island, New 
Brunswick, Quebec, Ontario, Maine, and New York (Long 
Island, Ithaca, Oswego County) (Vockeroth 1953, Sabrosky 
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1957, 1959). Recently it was reported from two localities near 
Leesburg in northern Virginia (Sabrosky 1959), where it occurred 
in houses in December and January in company with cluster 
flies and box elder bugs. 

A further jump in known distribution can now be recorded. 
Specimens of M. autumnalis were taken on June 18, 1959 at 
Apple Creek, Wayne County, Ohio (C. R. Neiswander), where 
there was said to be a severe infestation on cattle in the field. 
Later I received specimens collected even earlier, on June 3, 
1959, in Randolph County, Indiana (D. L. Matthew), submitted 
by Leland Chandler, Purdue University, with the report that the 
flies were “always found around the eyes of cattle in pasture.” 
The adults of autumnalis, whose larvae breed in cow dung, suck 
exudates of mammals. Vockeroth (1953) has given a key to 
distinguish autumnalis from domestica. 

In addition to the possibility that some complaints of house 
flies at unusual times in late fall and winter can now be expected 
in the central states, attention may be called to the fact that 
autumnalis is known to be an intermediate host for Thelazia 
rhodesii, 2 mammalian eye worm that is prevalent in the USSR 
and sometimes infects a high proportion of the cattle in some 
areas. An American species, 7’. californiensis, is at present limited 
to the West Coast, and is known from sheep, dogs, and some 
wild animals but apparently not from cattle. It is an eye irritant 
and might cause blindness. If autumnalis spreads across the 
country, as seems probable, one may speculate whether it will 
establish a relationship to the Nearctic Thelazia and assist in the 
spread of the latter, as in the potato-Leptinotarsa relationship. 
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Residue Studies in Sheep and Goats 


Dipped in 0.025% Lindane' 


J.B. Jacxson,? M. C. Ivey,’ R. H. Roserts* 
and R. D. Rapeverr? Agric. Res. Serv., 
U.S.D.A., Kerrville, Texas 


The use of insecticides in the production of plant and animal 
foodstuffs has a great significance to public health because of the 
resultant residues found in these products. Controls are placed 
on the use of insecticides and enforced by the Food and Drug 
Administration. Data gathered on each insecticide is used to 
arrive at specified methods of proper use so that there will be no 
hazard to the consuming public. 

Marertats anD Metrnops.—In order to supplement previous 
data (unpublished) obtained at the Kerrville Station, for lindane 
on dairy and beef cattle, a test was conducted using sheep and 
goats. Kight shorn yearling Delaine wethers and 8 shorn yearling 
Angora muttons, in good range condition and in good health, were 
divided into 2 groups of 4 sheep and 4 goats each. The groups 
were maintained in separate pens throughout the test. 

The animals of the first group served as controls and were kept 
free of any insecticide. The second group of animals was dipped 
in 0.025% lindane formulated from a 25% wettable powder. 
Lindane at a concentration of 0.025% is recommended by the 
U -5. Department of Agriculture for dipping sheep and goats for 
lice, ticks, and the sheep ked. 

All 16 animals were biopsied (Radeleff 1950) prior to the dip- 
ping to oh tain control omental fat samples for chemical analysis. 
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After a 1-week period to facilitate the healing of operatory 
wounds, the second group of animals was dipped and allowed to 
drip dry. A schedule was established whereby two sheep and 
two goats from each group were biopsied on alternate 2-week 
periods for 12 weeks. In this manner each animal received a 
control biopsy and three posttreatment biopsies. 

PROCEDURE FOR ANALYSIS OF SHEEP AND Goat OMENTAL Fat 
Samp.es.—The Schechter-Hornstein colorimetric method for de- 
termination of benzene hexachloride (Schechter & Hornstein) 
with modifications was the analytical procedure used. The fol- 
lowing is the modification: 

Weigh a 10-gram sample of fat into a Waring Blendor and 
blend for 2 minutes with 150 ml. of distilled chloroform. Add 15 
grams anhydrous sodium sulfate and blend for 3 minutes longer. 
Add 1 gram of Filter-Cel, and blend for 1 minute. Filter through 
folded filter paper into 500 ml. Erlenmeyer flask. Wash the 
blender, beaker, and filter paper with about 125 ml. of chloroform. 

Distill off the chloroform to approximately 200 ml.; then 
transfer to a 500-ml. separatory funnel. Add 0.8 ml. of a 1:1 
mixture of sulfuric acid-fuming sulfuric acid for each gram of 
fat sample. Shake gently and let stand for the sulfonated fatty 
layer to separate to the top. Drain the chloroform into another 
500-ml. separatory funnel. Wash the fatty layer twice with 35 ml. 
of chloroform and add to the other chloroform extract. Discard 
the funnel containing the fatty layer. Extract the chloroform 
three times with 35 ml. portions of the sulfuric acid mixtures. 
After the last extraction, allow the acid to drain down and then 
separate as cleanly as possible. Pour the chloroform from the 
top of the separatory funnel into a clean 500-ml. separatory 
funnel. Add 50 ml. of 5% sodium bicarbonate to the separatory 
funnel, stopper, invert and swirl several times with the stopcock 
open. Close the stopcock and shake vigorously, releasing the 
pressure frequently. Let stand for 10 minutes for a reasonably 
clear separation and then filter the chloroform layer through a 
5-cm. plug of cotton packed in a glass crucible holder, into a 500- 
ml. Erlenmeyer flask. Wash the bicarbonate layer with 30 ml. of 
chloroform and filter into the Erlenmeyer flask. 

Distill off the chloroform through a Synder column to a volume 
of 10 ml. Transfer the residue to a 125-ml. Erlenmeyer flask 
using 50 ml. of acetic acid to make the transfer. Add a glass bead 
and attach a Snyder column to the flask. Suspend a thermometer 
into the Snyder column so that the bulb is just below the top of 
the column. Evaporate the solvent until the temperature reaches 
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Table 1.—Parts per million of lindane in the fat of sheep 
and goats dipped in 0.025% concentration of the Insecticide. 





P.P.M. LinpANeE IN Fat (WEEKS 
Arrer TREATMENT) 


AMAL 
NUMBER 2 4 6 


Goats 
4682 3.20 
4684 
4686 
4687 2.14 


Sheep 
4688 
4692 
4694 
4695 4.15 





® Fat sample not available. 
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the boiling point of acetic acid. Remove the Snyder column and 
let cool to room temperature. 

Add 3 grams of malonic acid and 4 grams of 40 mesh zinc to 
the flask, Attach it to the Schechter-Hornstein still and follow 
the method as described. 

Resutts.—The residues of lindane in fat obtained from this 
test are given in table 1. At each biopsy period a slightly higher 
residue was found in sheep than in goats. The residue was highest 
at 2 weeks after dipping; the sheep showing an average of 4.22 
p-p.m. and the goats an average of 2.67 p.p.m. It decreased 
steadily until at 12 weeks after dipping the residue was zero. 
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No symptoms of abnormal conditions were observed in the 
test animals. 
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Changes in Common Names of Insecticides 


Carrouu N. Smita, Chairman, Committee on Insecticide Terminology 


A revised list of common names of insecticides approved for 
use in the publications of the Entomological Society of America 
was published in the April 1959 issue of the Journat or Eco- 
nomic Enromo.oey (52: 361-2). The changes listed below have 
been approved by the Committee on Insecticide Terminology of 


Delete: 
NAME TO BE Usep 
D-D mixture 


Add: 
NaME TO Be Usep 
chlorbenside 


medlure 
phorate 


CueMIcAL DEFINITION 
mixture of 1,2-dichloropropane and 1,3-dichloropropene 


CuemicaL DEFINITION 
p-chlorobenzy! p-chloropheny! sulfide 
sec-butyl] 4 (or 5)-chloro-2-methylcyclohexanecarboxylate 
0,0-diethyl S-(ethyithio) methyl phosphorodithioate 


the Entomological Society of America. The listing of D-D mix. 
ture as a common name was in error, since D-D is a registered 
trademark and not available for use as a common name. The new 
name added to the list designates a compound that is an attract- 
ant for the Mediterranean fruit fly, Ceratitis capitata (Wied.), 
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OTHER DESIGNATIONS 
Mitox 
ENT-30992 
Thimet, Am. 
Cyanamid 3911 
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OBITUARIES 


Clair Cahill Alexander 
1911-1959 


[he sudden and tragic passing of C. C. Alexander in a com- 
mercial airlines disaster over Chase, Maryland, on May 12, 1959, 
came as a deep and unbelievable shock to his many friends and 
associates in the entomological profession and in the chemical 
industry. His warm and friendly personality as well as his high 
professional ability and integrity left an indelible mark on all 
those who were associated or acquainted with him. It is doubly 
tragic that such a man should be taken during the peak of his 
career. 

He was born on December 3, 1912, in Dayton, Ohio, and fol- 
lowing a residence of some years in Lykens, Ohio, where he at- 
tended grade school, the family returned to Dayton. He gradu- 
ated from Dayton’s Roosevelt High School in 1930. 

“Alex,”’ as he was known to his many friends and associates, 
majored in Entomology at Purdue University where he received 
the Bachelor of Science degree in Agriculture in 1938. Following 
graduation from Purdue, he worked as an Entomological Aid at 
the Vincennes, Indiana, Field Laboratory of the U. S. Depart- 
ment of Agriculture where he developed a lifetime interest in 
apple insects and their control. 

He undertook graduate studies in Entomology at the Ohio 
State University and was awarded the Master of Science degree 
in the spring of 1940. Alex immediately thereafter accepted a 
position of Entomologist with the U. S. Department of Agricul- 
ture Field Research Station in Yakima, Washington. The work 
in Yakima consisted primarily of research on the biology and 
control of apple insects with special emphasis on the codling 
moth. He remained with the U.S.D.A. in Yakima until late 1944 
and during this period he was author or coauthor of several pub- 
lications relating primarily to codling moth biology and control. 
His studies on mechanical traps versus bait traps for measuring 
moth flight and population were of special interest to workers in 
this field. 

In late 1944, Alex accepted a position of Research Fellow on 
the staff of the Crop Protection Institute, Division of the Na- 
tional Research Council, at the University of New Hampshire. 
Here he pioneered in the early research on DDT insecticides 
under a wartime Fellowship sponsored by the Geigy Chemical 
Corporation. He spent the summer of 1945 on a field research 
project in Winchester, Virginia, evaluating DDT insecticides for 
apple insect control as a part of the Fellowship program. 

In late 1945, Geigy decided to open their own research labora- 
tories and he joined Geigy as Research Entomologist on October 
1, 1945. He was instrumental in the design, construction, organi- 
zation and operation of a complete laboratory in Bayonne, New 
Jersey, for chemical and biological pesticide research and screen- 
ing of new compounds. 

In 1951, he became Chief Entomologist, and in late 1953, he 
became Research Manager of Geigy Agricultural Chemicals, 
Division of Geigy Chemicai Corporation, which position he held 
at the time of his death. 

During this period Alex became one of the foremost experts in 
the chemical industry in the field of development of new pesti- 
cides, He was an active participant in the 1950 Tolerance Hear- 
ings held by the Food and Drug Administration preparatory to 
the establishment of pesticide residue tolerances. He became an 
expert in the handling of new pesticides under the requirements 
of the “Miller Bill” amendment to the Food and Drug Law fol- 
lowing its passage a few years later. He was an invitation speaker 
on numerous occasions on one phase or another of the field of 
hew pesticide development. He was active as a member of several 
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technical committees of the National Agricultural Chemicals 
Association and was Chairman of its DDT Technical Committee. 

He joined the former American Association of Economie Ento- 
mologists in 1939 and was a member of numerous Branch and 
Entomological Society of America (ESA) committees. He was 
Chairman of the Eastern Branch in 1957, and he was currently 
a member of the ESA Special Committee on Constitutional 
Amendments. He was always active in Branch and National 
Society affairs and he was widely consulted on such matters. 

On June 22, 1940, he married Miss Isabelle Mounts of Grove 
City, Ohio, in Yakima, Washington. In addition to his wife, he 
is survived by two children, Dianne, 13, and Patricia, 8, residing 
at 29 Warren Avenue, Tarrytown, New York; by his father, Mr. 
J. L. Alexander in Dayton, Ohio; a brother, M. E. Alexander, 
in Silver Spring, Maryland; and a sister, Mrs. Ruth Alexander 
Johnson, in Dayton, Ohio. 

With the help and suggestions of his many friends, a C. C. 
Alexander Memorial Scholarship Fund has been established at 
Purdue University for deserving students in Entomology. This 
is a perpetual fund with the income available each year for 
Scholarship awards, and it is administered by the Purdue Alumni 
Scholarship Foundation. Awards will be made in accordance with 
provisions stipulated by the Department of Entomology and the 
Purdue Scholarship Committee. This is a fitting and lasting 
tribute from the many who esteemed him as a colleague and 


friend. 
GerorGE R. Ferauson 
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Francis B. Folep 
1906-1959 


Francis B. Foley of the Whittier, Calif. station of the Ento- 
mology Research Division fell on May 2, 1959, while climbing 
with another man near the top of Boundary Peak, the highest 
mountain in Nevada. They were overtaken by a sudden snow 
storm or blizzard, and their bodies were not discovered until 
May 6. 

Mr. Foley was born December 27, 1906 in Los Angeles, Calif. 
He grew up and attended school in Glendale, Calif., and received 
his degree in forestry and entomology in 1935 from Oregon State 
College. At various times from 1928 to 1948 he was employed by 
the U. S. Forest Service, the National Park Service, and the 
Bureau of Entomology and Plant Quarantine. He served in the 
Army from 1941 to 1945 and saw active duty in the South 
Pacific. He returned to entomological research work in 1948 and 
continued until his untimely death. Most of his research work 
was done on wireworms and bean insects. He assisted in the ex- 
periments which led to the successful control of wireworms with 
soil fumigants, with DDT, and with other hydrocarbons. He was 
the author or coauthor of numerous papers on the control of 
wireworms and other bean insects. 

He was a lover of the outdoors, and spent his vacations and 
many weekends camping or hiking on the desert or in the 
mountains. He was much interested in boys, and on these trips 
frequently took several of them along with him. This was so 
much appreciated by these boys that a group of them requested 
permission to act as his pallbearers. 

He was a careful and tireless worker, carrying out difficult and 
tedious assignments willingly and cheerfully and he was at all 
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times an agreeable companion. His loss is keenly felt by all of 
his friends and associates. Mr. Foley is survived by his father, 
Barnett Foley, and his brother Wilbur. 

Roy E. CAMPBELL 
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HanpBook oF Toxicotocy. Voiume III—Insecticipes, 
CompenpDium by WitiiaAm O. NeGHerBon. Prepared under 
thie direction of the Committee on the Handbook of Biological 
Data. Division of Biology and Agriculture. The National 
Academy of Sciences; The National Research Council. Pub- 
lished by W. B. Saunders Company, Philadelphia 1959. 
854+xxv pages. Price $14.00. 

This massive compilation of data emphasizes the toxic effects 
of insecticides but it includes much more. The treatment differs 
somewhat from one chemical to another but that for aldrin will 
serve as an example. After the common name, the full chemical 
name and several trade names are listed. Then follow a 
General section indicating the uses and importance of the ma- 
terial; Physical and Chemical properties and a Toxicological 
section which is divided into: general, precautions, acute symp- 
toms, chronic toxicity, acute toxicity to higher animals, toxicity 
on feeding experiments, sub-chronic and chronic toxicity, toxicity 
to wild birds, pharmacological, pharmacodynamic and physio- 
logical properties, phytotoxicity, hazard to wild life, toxicity 
to insects, toxicity compared with other chemicals, mode of 
action and other effects on insects; fate in the animal body. 
Two sections on field experience in control of destructive insects 
and effectiveness data from screening tests complete the nine 
page account. 

Quantitative data are cited under most sections with reference 
to the source in each case. Some chemicals receive only a one or 
two page account containing data under only a few of the above 
subdivisions. Other accounts are much longer, e.g., DDT 38 


pages, chlordane 13 pages, organic phosphates 34 pages, fumi- 
gants 19 pages. There are 188 sections in all, of which 164 are 
devoted to specific insecticides and 24 are on more general topics 
such as fumigants, organic phosphates, bees and insecticides, 
acaricides, synergists, etc. There is a certain amount of duplica- 
tion as in the section on organic phosphates and in the separate 
accounts of parathion, malathion, TEPP, etc., but this is kept 
to a minimum. 

A 14-page introduction explains the viewpoint and the arrange- 
ment, gives definitions of many necessary terms, describes 
methods of testing and discusses factors affecting an insect’s re- 
sponse to a chemical. It is an excellent account of insecticides 
from a general viewpoint. The bibliography of 3,404 entries goes 
back to the early years of this century and comes forward to 
1956. An index covering chemicals by chemical, common and 
some trade names, plants, insects and animals completes the 
volume. 

The foregoing account of the organization of this work cannot 
convey an adequate impression of the enormous amount of in- 
formation nor of the clear and concise manner in which the 
quantitative data are set forth. This book represents the com- 
pletion of a truly enormous task which called for devotion to 
detail without obscuring the objective of an overall picture of 
the hazardous nature of insecticides. It will be an indispensable 
tool for everyone working with these chemicals whether he be 4 
student, researcher, agricultural advisor, insecticide chemist oF 
technical salesman. 


W. M. Hoskins 
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Tue Scientiric Princrptes or Crop Protection, 4th ed. By 
Hvusert Martin. Edward Arnold (Publishers) Ltd., London. 
viii +359 pp. 1959. $12.50. 


Since the third edition of this well known work appeared in 
1940 entitled “The Scientific Principles of Plant Protection,” 
many changes have taken place in this subject, especially in the 
field of chemical pest control. All branches of the latter (insecti- 
cides, fungicides, herbicides) have undergone revolutionary de- 
velopment. The greater share of the chemicals now used for these 
purposes was unknown in agricultural practices prior to World 
War II. A relatively few inorganic compounds formerly in use 
have been largely replaced by today’s multitude of organic 
pesticides. Many of the latter have provided answers to control 
problems previously unsolved, although the use of some has in- 
troduced fresh difficulties. 

The primary purpose of this book, according to the author, is 
to provide the plant pathologist and entomologist a review of 
physical and chemical aspects while the chemist and physicist 
are given a view of the biological side of crop pest control. Sepa- 
rate chapters are devoted to “Plant Resistance,” ““The Influence 
of External Factors on the Susceptibility and Liability of the 
Plant to Attack,” “Biological Control,”’ and “The Treatment of 
the Centres and Vectors of Infection.’’ Eleven chapters are de- 
voted to the various aspects of chemical pest control. These in- 
clude chemical weed control, fumigation, seed treatment, soil 
treatment, and three chapters on (1) inorganic insecticides, (2) 
naturally-occurring contact insecticides, and (3) synthetic con- 
tact insecticides. Structural formulas are shown for a large 
proportion of the organic compounds. A chapter on ‘The Meas- 
urement and Mechanics of Toxicity” includes principles of bio- 
assay and hypotheses concerning the mechanics of toxic action. 

The text is profusely supplied with references to the literature, 
lists of which are located at the end of each main division of a 
chapter. A two-column author index occupies 16 pages, a detailed 
subject index 33 pages. 

One notes that, while rotenone extracts are discussed, the 
author fails apparently to state that rotenone insecticides, at 
least in the United States, are largely dust formulations of ground 
cube root. The extensive use of ethylene dibromide as a soil 
fumigant is not indicated. The reference to the recent program 
of Mediterranean fruit fly eradication in Florida is confined to 
the traps used in checking on the success of insecticide applica- 
tions. Eradication was actually by means of the attractive pro- 
tein hydrolysate spray poisoned with malathion. Inorganic weed 
killers and some of the space fumigants receive little or no con- 
sideration presumably because they are not employed in the pro- 
tection of growing crops. 

Many would be discouraged from the task of revising such a 
book by the rapid development of new chemicals and the result- 
ing control problems. Dr. Martin is to be commended for suc- 
cessfully completing this revision of his valuable book. It will be 
a welcome addition to many an entomologist’s book shelf. 


Haroip H. SHeprarp 
U.S. Department of Agriculture 


Mires, or THE Acari, by T. E. Hucues. University of London, 
the Athlone Press; and Essential Books Division, Oxford Uni- 


Book REviEws 103fF 


versity Press, 16-00 Pollitt Drive, Fair Lawn, New Jersey. 
225 pp. July, 1959. Price $6.75. 


When the present impetus for the study of mites was inaugu- 
rated during the last World War, there was a great demand in 
the United States for copies of Banks’ ““The Acarina or Mites” 
published by the U. S. Department of Agriculture in 1915. 
“Mites, or the Acari” by T. E. Hughes is the first general 
treatise on mites that has been published in English since that 
time, and it should be even more in demand than the one by 
Banks 

The first six chapters of this book are devoted to biological 
considerations of mites. Taxonomic groups are discussed in rela- 
tion to the ecological distribution of various members, their 
feeding habits, and their importance as predators, animal para- 
sites, and plant feeders. The information presented is drawn 
from scattered literature, but it is not always carefully evaluated 
as to probable accuracy. For instance, the plant-feeding Pseudo- 
leptus arechavaletae Bruyant is cited as attacking the bush turkey 
in Uruguay even though this observation is highly questionable. 

One chapter is devoted to the subject of mites as vectors. How- 
ever, no mention is made of the experimental transmission of 
certain diseases such as endemic typhus and tularemia by 
Ornithonyssus bacott (Hirst). The importance of mites as vectors 
of plant diseases is not mentioned, even though studies were 
conducted in England implicating an eriophyid in the transmis- 
sion of current reversion, and more recent studies have shown 
related mites to be vectors of fig mosaic, peach mosaic, and 
wheat streak mosaic. 

The most important and larger portion of “Mites, or the 
Acari” is a survey of our knowledge of the morphology and in- 
ternal anatomy of mites, and it is in the eight chapters dealing 
with this subject that Dr. Hughes has made personal contribu- 
tions. A classification of mites made on a basis of external mor- 
phology alone is fraught with difficulties, and a comparative 
study of the development and functions of internal organs will 
aid immensely in understanding the evolution and relationships 
within the Acarina. This portion of the book should be an in- 
valuable stimulus to further research along this line. 

The last chapter is a listing of the family classification of mites, 
prepared several years ago with the aid of the eminent acarolo- 
gists at the British Museum (Natural History). This subject is 
rapidly undergoing revision at the present time. 

Excellent illustrations have been chosen to depict various 
types of mites and their anatomy. The use of the initials of au- 
thors following scientific names, such as “C. Linnaeus,” may be 
to some a reading distraction; moreover it takes up valuable 
space in very terse writing and is not used consistently through- 
out the text. The use of vernacular designations such as “trom- 
bids” (for trombidiids or trombidioids) is not in good taste, and 
the rather indiscriminate use of “mites” for “ticks” may be con- 
fusing to some. But such criticism is trivial. 

“Mites, or the Acari” is a welcome addition to the libraries of 
biologists and acarologists. It is gratifying to find a new scientific 
book in English that is reasonable in price, having been partially 
subsidized. 

A. Earu Prircuarp 
University of California 
Berkeley 
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ORTHO DIBROM 
ONIONS 
COTTON 





ORTHO DIBROM is registered for many other uses. 


For complete registration details on ORTHO DIBROM, further 
information, samples for your demonstration or test work, please 
write to Dr. Thompson if you reside in one of the eleven West- 


ern States—in the Midwest and East to Dr. Wessel: 


DR. RICHARD WESSEL Dr. R. K. THOMPSON 


Field Research Supervisor, East Field Research Supervisor, West 
California Spray-Chemical Corp. California Spray-Chemical Corp. 
Box 118, Moorestown, N.J. Lucas and Ortho Way, Richmond 4, Calif. 


On all chemicals, read directions and TES SETH. BES. U.S. PAT. OFF. 


cautions before use 


CALIFORNIA SPRAY-CHEMICAL CORPORATION 
A Subsidiary of California Chemical Company 


EXECUTIVE OFFICES: 
RICHMOND, CALIFORNIA e WASHINGTON, D.C. 


District Offices: Portland 22, Oregon, Box 5946 @ Sacramento 10, 
Calif., Box 2227 @ San Jose 8, Calif., Box 978 @ Fresno 7, Calif., 
Box 48 @ Whittier, Calif., Box 471 @ Phoenix, Ariz., Box 11068 e 
Salt Lake City 10, Utah, Box 2070 e@ Maryland Heights, Mo., Box 
129 @ Shreveport, La., Box 1164 @ Memphis 11. Tenn., Box 6405 e 
» . Box 239 @ Haddonfield, N.J., 133 Kingshighway 

@ Springfield 9, Mass., Box 402 Highland Station e@ Medina, 
N.Y., Box 230 @ Columbia, S.C., Box 576 @ Orlando, Fla., Box 7067. 


BRANCH OFFICES THROUGHOUT THE UNITED STATES “Helping The World Grow Better’ 


* DIBROM IS THE TRADEMARK OF CALIFORNIA SPRAY-CHEMICAL CORP. FOR 
DIMETHYL 1,2-DIBROMO-2,2- DICHLOROETHYL PHOSPHATE INSECTICIDE 








